An anal Linnl nchcmc^ in ck^vulopt^d in thJs Bliucly from Bclcctad 
the ortiL Leal porspucf ivcB on the nature oC sclcnca and tlio concepL of 
tuautiing. Intorp rGtntion^ of HCiauco by Carnaiis PoppQi^ iind Kuhn arc 
dnscrlhcd nxid cciniparad in terms oJ: Korncir's concGpt of a '^cateigorlal 
framwork." Tlie divargertt views of Carnapj PuppGr, md Kuhii on diffGrcnt 
aspGcts of Hcienco are lODcl to davaiop fivG dlmenRinns of the aiialytica] 
sduauia. Then selected pli tlusophicai analyses of the concept of teachinB 
are dcscribod and interpreted , yieidiag six niora dimensions. 

An initial aGseasmcnt of itL;^ appliMbtlity tn made by iislns the 
analytical sdii.ama to CKamine argi^mentR in eight passages selected from a 
sample of teKtlsooks which discufis mGthods of teaching science* To permit 
analysis of the structure as v/rj.l as the cnntent of arguments^ Toulmm's 
eoncept of an "argument^partern" 1li used in conjunctioii with diniensions 
of th^ scheme. The analysis of arguEnents is presented in detail^ to 
denionstrata the use of the sch^nie. On five critaria of applicability, 
the amilytlcal seliGme is fudged to be a usable ona. On the basis of the 
results of the taitial assessment ^ one modif ication is mnde to axpress 
more clearly the difference bet^^cen two of the schemers dimennlons, 

Tiie stndy is intentionally limted to the provls^qn made for the 
development of views of science and teachings and thus it does not 
consider the actual influence of science teacher education programs on 
teachers^ views or teaching hehavio^rs. The assessment of the analytical 
scheme is an initial onej limited to one element of science teacher 
education programs-^-the content of teKtbooks concerned with why and how 
science should be taught. 

As daveloped, the analytical scheme may be used by science 
teacher educators in the design and evaluation of various aspects of 
their programs; several possible appllcatiuns are noted. The theDretlcal 
perspectives developed in the study provide a sounJ conceptual basis for 
research concerned with views of sclenc© and teaching actually held by 
teachertjs views implied by teachers* teaching behaviors ^ and processes 
by which views or teaching behaviors actually do change. 
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CHAPTER 1 



ESTABLISHING THE PURPOSE OF THE STUDY 
1 n t r o d u c 1 1 on 

How does one assess the provision science teacher education 
makes for teachera to devLiop their views of science and teaching? In 
this study the Investigator develops an analytical scheme for judging 
the potential influence of claims about why and how science should be 
taught* To evaluate the applicability of the analytical scheme, the 
Investigator uses it to eKamine excerpts from textbooks on the 
teaching of science. 

Little is known about the potential or actual influence on 
teachers s of claims presented about the teaching of science. Yet a 
science teacher's views of science and teaching have slgnif leant conse- 
quences for the teacher and for his pupils* While this study does not 
examine the actual Influence of claims presented to teachers, devel- 
opment of an analytical scheTne makes it possible to assess systematic 
cally the provision made for teachers to develop their views of science 
and teaching. 

The analytical scheme is developed from selected theoretical 
perspectives on the nature of science and the concept of teaching. The 
scheme perinlts one to scrutinlEe arguments which eKpresSj eKpllcitly or 
implicitly, views of science and teaching. Textbook claims about 
methods of teaching science are taken as examples of the claims which 
may be presented in a science teacher education program. 

This opening chapter of the study begins with discussion of an 
argument about how science should be taught, to illustrate that the 
argument has potential for Influencing a teacher's ways of thinking. 
The illustration establishes a context for discussion of the significance 
of a teacher's views of science and teaching. Instances of potentially 
relevant research are reviewed to establish that there is a genuine need 

1 
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for thet study. Then an ovorviCH>; of HiibsequcMit: cluiptorH Is prGKcnt^d 
and limitations of tho study arc diacuLiSed. 

The R Qi4earch Problam 
This study addresses the problem of assessing the prov/islon a 
science teacher education progrnm makes for teacherB to develop their 
viGW^ of the naturej of science and the concept of teaching. Science 
teaclier aducatioa progrnms make clalfiiB about \^;hy and how scioncu should 
be taught i including claims about what science tenching can be expected 
to achieve J how science should be represented to children ^ and how one 
should behave as a teacher. There is a potential for interaction 
between claims presented in science teacher education and the eKisting 
categories of thought of the individuals to whom the claims are pre-- 
sented. Detailed and systematic procedures for analysing this potential 
conceptual interaction have not been available to those who plan, 
conduct 5 and evaluate science teacher education programs. 

An i 1 1 u S t ra t lo^^ f an a rgume n t ' s 
potential for influence 

The foliowinf^ passage from a teictbook on methods of teaching 

science at the secondary level illustrates that claitns about why and how 

science should be taught are implicit, if not eKplif^^ts expressions ojE 

ways to think about science and about teaching , with clear potential for 

interaction with the views of science and teaching held by those who 

read them. 

The scientific method of reasoning as a procedure in teaching 
has much to commend it. Although it demands adequate tlnie for 
satisfactory development ^ the resulting learnings are sound. Pupils 
know the exact meaning of the general statement ^ they know its 
applications, and they know its' limitations* 

Although the scientific Tnethod of reasoning is little more than 
applied common senses it is not something that can be taught by a 
lecture or a single Illustration at the beginning of the year. The 
scientific method demands extensive practice In a wide variety of 
situations. It need not be formalized by listing it in sequential 
steps; indeed such formalization may interfere with the thinking of 
pupils. Pupils are generally Intelligent enough to work oiit 
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Hacisf jiotnry procotUirois for c;af.li parU tnilnr Kituuii: (an wltluniL 
ro.fcTeiir.e to ;i formal Uat.. 1 

Some oC ihu more obvious iinplicaclons e';,iii be Idcntlf iyd wltli- 
ouL imdurtiikinB yyutcnmtlc atinlyMJs of the pnssage. in the first 
parngrnph, the nuthors speak of n Cfachlng procc-dufc. The contoiit 
suggasl-u that: a niethod of reutiotiJng may (and should) he regarded na a 
tttaching proceduru, and it impiles that: tonching procedures shuuld be 
asKQssed in terms of time required and results nchleved. The content 
implies that the relationship between teaching and Ifarnlng i. Mtrnight- 
forward, and it suggests the kinds of reaulta science inatructlon 
should at rive to achieve. 

The second paragraph begins with a comment on the status of 
"the scientific method;" the oKlstencc of the method continues to be 
taken for granted. Then the method is spoken of as an Instructionnl 
outcome, and comments are make about teaching procedures Intended to 
enable pupils to achieve the outcome. The shift from teaching procedure 
to instructional outcome passes without comment or explanation. 

Clearly, this passage does contain message* about how to think 
about science and how to think about teaching. It is also apparent that 
the explicit content of the passage neither signals the presence nor 
supports the analysis of those messages. While one cannot be concerned 
at all times with messagea of this type, the concern here is that read- 
ers may never be aware of, or attend to, these messages which may 
influance how they think about science and about teaching. As with 
values in general, views of science and views of teaching can be adopted 
or Influenced without awareness, without examination of alternatives, 
and without the analysis and application which fosters personal confl- 
dcance in and responsibility for the views one holds. 



W. A. Thurber and A. T. Collette, Teaching Science in Tod ay's 
lecondary Schools (3rd ed. ; Boston: Allyn and Bacon, 1968) , p. 59T~ 
The passage is part of Selection G in Chapter V. 
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science and y lewg^£C t^teMng 

Views of science and vtms of teaching ha^e slgnlfloanc iiupli- 
cations for a teacter^s pupils and for the ceacheT himself , Views of 
science influerice a t aactier*s s^Xecclon and Interf I'e tatloti both 
gclence content and ceacnlng BtTacegiGS, ^ith direct consequences for 
ttne outcomes his pupils may achieve m a te&uXC of hlg ceacblng, Viaws 
o£ teaching also %.^t%mtxcQ tlie ciesigxi mnd Interpretation of teaching 
gcrategies. Finally^ views of science and tGachltig Influence tlie 
teachar's ability to reJXect upcn and inodlfy his teaching behavior. 

The textbook passage cited aiid discussed abo^e sexvei a§ a 
convenient illustratlonj if en© compares the atathors ' dmplled views of 
gcianca and teachitig to thelT rcconimendatlon^s for what and tiow to te^ch* 

say that the sclerttlfic methcd is '*llt tie more tlxan cofliraon sense" is 
to suggest that ther^ la a differences but only a snuill on%^ betweeti 
scientific Itiq^uity arxd 6%reryJay problein-sclving. 'fhe scientific metlnod 
appears to have the p tatiiS and ^tgnlflcancQ of an Item of Irxfoinnatiori, 
Wtieri teaching strategies are sufigestcd^ tlie major coTisldetation Is tlie 
need for consldimble and diverse practice, THe fatntllar Idea of the 
scientific matliod as a aequerice □£ steps is rejected not fram ait anal- 
y^li of scientific Iri^ntiry but ©n the grotinds Chat pupils can reason 
without, and may be h*^nipered by j sucli & Bcqy.ence. The authors hegin 
with a limited vlsw ai tHe scletitlfic inetliod ; their eugge^tcd oiitcomea 
arid teaching strategies ate corTespoiidlngly lirnlted* 

Perhaps the plinpLest view of science i0 otie ^hlch regards its 
scatements as descrlp tlotis. Instruetlonal autconi^s lased on this view 
inJlght well be limited to inastery of the statement^ tlieniBelveSj and 
teaching etrategles might well selected solely for their contribucloTi 
to enabling pupils to recognise and recall stacementa of science, k 
more developed view o f ac lence tnlght recognize the explanatory function 
of sclonce, see science as an Ititellectual process of Inqtiiry, and 
tecognlEe that the history of science records interaction between 
tt^eory development and the e%/ents a theory explains. As cne'a ^lew at 
science develops, thete la a corresponding develDpnient of tHe insCruC'- 
tf-onal outcomes one ni*^y attempt to make provision for pupils to reali^.e. 
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More fully devQloped ^iews of sc iGnce GKCend theuippai'erit coixteiit of 
sclencG and ttio tange of outcoines aRscciated wlch miderstatiding Bci.erica. 
Nei^ elements in ^ cea cherts vim o£ science niay aLfio add to the criteria 
hie uses In the d^sigri of teac-liiti^ strategiaH, 

i\ similaT case can be nia <le fo^ tlie st gniflcance of a teacher's 
ways of thinking about cTie actl\fity ceachltig, TerhapB the simplast 
^le^ is one In wtilch attempts ar« inade to enaMe piiptls tu recall Infor- 
rnaddon c, Iready ktiow'n by the t^aete^'' Tt^e striitegiea a tGacher Tecogril^eB 
ana the criteria he uses to select them are e^<tended by a ciore cle\reloped 
viex^ of the teactier-pupll t'eXsttanslilpj just as th^y *ire ej^teTided ty a 
mora developed vim' o£ ttie sufcject being, tauglit- 

^he significance of yi^ms of science and viws of tea<^hdng 
extends further Chait the outcOTeS pupils may xeg^llgG from instructiori in 
science, Here is also good ^easoa to expect tKesa viev^a to Influence a 
teacher's at}ility tc interpraC ttie effiects of his teaching=-^wliaC ha 
oU^ary^ds^ hew lie ititGrprats his obseri/at riotis of pupiLSj and hew he 
assesses his o^n role in cigsproCT €v0nt£* Matt er^ stich as tliese influ— 
ence a teactier 's personal satisfaction ^ith hii ^mick and his responses 
cc oppcrtunittcs fox professional dcvelopmeiit - 

AnalysfiB of acteioptfi to cha^ige tt\B aclioai curiiciilum dXluatrate 
tlie impottance being glv^en to te^chem' vle%^s of wtiat arid how they 
teach* Sarasoxi l.s one ol^seTvpt sch^ools %^ha hag explicitly called 
attentlorx to the fact th&t an apparent ctarrlculuiti change often lias failed 
to alter many of the basic ie^ula^rttie s of te^cher--pUplL Intetactic^n, 
He poitits out that it ds reiative^ly easy to ctiaage the books used ±x[ b 
clapsroom, but th-at th^ purpose ^f sucli s ctange i& mrely stated clearly 
and ^hat hegins as the means tc 3. goal tends to fcecome tlie actual goal. 
Profli hie perspective it has of teri been the ca^e that '*the more things 
change the more t^c^y remain th^ p^me.'- ^ 



Seymour B. Sagason^ Tlie_ Culture of the Schcol atid_the p rob Ig^ 
of^^mnge CBcscoti 1 Allyti andT^ 
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McKinney and Westhury report a case study of curriculuni change 
iti \^hich events conform to the pattern suggested by Sarason, Their 
detailed analysis of changes in the science program in tha Gary ^ Indiana 
public schools, from 1956 to igTO, culniinates iti an eKplanation for the 
retiirn in 1969 to "more conventional" textbooks. They conclude 
that "* , * s In the absence of the necossary skills that raade their use 
of the national progranis [PSSC^ BSCSj, etc.] easy* Gary*s teachers 
ultiiaately rejected the rie%^ national curricula in favor of more tradltlotial 
approaches that were tnore compatible with their existing skills and 
competences. 

To argue for the importance of developing views of sctence and 
ytevjB of teaching is not to argue that all science teachers should vle%^ 
science and teaching in one "most developed" way. The discussions of 
science and teaching, in Chapters III and IV, recognise and respect the 
diversity among well-developed vie^s of science and teaching. The poltit 
ISj rather, than it is neither inevitable nor desirable that teachers be 
mawaxe of the eKistence and potential Influence of ways of thinking 
about science and teaching. Nor is It desirable that science teachers 
lack opportunities to develop their views in relation to their pro- 
fessional responsibilities. 

Available kno wledge about views of 
science an^ views of teaching 

Little systematic information Is available concerning the views 

teachers hold of science and teaching or the ways such views can or do 

develop* ,Four studies are reported here to give some indication of how 

views of science and views of teaching have been exatnlned. These reports 

extend the preceding discussion and provide additional opportunities to 

Indicate the contribution of the present study. 



W* Lynn McKinney and Ian Westburys -•Stability and Changes The 
Public Schools of Gary, Indiana, ig^O'-TO," In William A, Reid and Decker 
F. l^alkeri Case St udies in Curriculum Channe l Great Britain and the 
United States (Londont Routledge & Kagan Paul, 1975) , pp. 1-53. 

"Ibid., p, 31. 
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Views of science 

Ilerron's e>:amlna tlon of Issues rt^lated to the objective of 
having pupils understand the tiature of "scientific enquiry*- includas an 
invest Igat ion of tc*achera* vLcngR of enquiry*^ Herron preFents a frame- 
work for analyzing accounts of enquiry, demonstrates the use of the 
frameworlc^ and makes an analysis of science c art-lculum inaterials intended 
to develop an understanding of enquiry. He a^&o presents an analysis 
of interviews of fifty science teachers. In the Interviews, he explored 
the teachers' vie^s of enquiry and their ptirceptlona of the views of 
enquiry expressed In the teaching niaterials they used. In the analyels^ 
Herron classifies responses on a scale ranging from eKclusive concern 
with content to an understanding of enquiry Blgnlf Icantly beyond that In 
their teaching tiiaterials. The average response significantly belo^ 
the underatandiiig of enquiry eKpressed in the materials, and Herron 
raises serious doubts about the ef f ectivenesa of Inservice training 
Institutes in preparing scleTicc teachers to foster pupils* understandiiig 
of enquiry. The present study speaks to the assessment of Bclence 
teacher education programs in tenns of provision made for such 
preparation of teachere * 

A study by Kimball Illustrates the direct eKamination of views 
2 

of science. To compare the views held by scientists and science 
teachers, Kimball constructed a "Nature of Science Scale" using an eight- 
statement model of science based prltnarlly on writings of Conant and 
Bronowski. VJlthin the group of university graduates to whom the scale 
was administered j some had majored in science and had become either 
scientists or science teachers^ while others had majored in philosophy* 
The philDsopby majors showed significantly higher agreement with the 
model than did the science majors , particularly with respect to methods 

"Karshall D, Herron, '*The Nature of Scientific Enquiry 
School Review, LXXIX (February, 1971), 171-212. 

2 

Merrltt E, Kimball, -'Understanding the Nature of Sciences 
A ComparlSDn of Scientists and Science Teachers,-* Jour nal of Research 
in Science Teaching, V (1967-68), 110-120. 
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of eclance* Kimball found no ilgnif leant differences between scientists 
and science teachers. 

These findings are consistent with the posit ion that ^lews of 
science are not adequately dev^eloped when they are treated as incidental 
outcomes of instruction in science, Kimball's recoraiendatlori that 
science majors take a philosophj*' of science course is Indicative of the 
dlfflcultlei involved in tBoving from research to new practices, for it 
settna to assunie that one such course Might '^correct'" some of the 
apparently erronious views held by science majors. It Is not apparent 
that there Is one best way to understand science » or that views of the 
nature of science are easily modified* The present study contributes to 
the resources available for styiylng how teachers develop and hold views 
of the nature of science. 

Views of teaching 

In a report of an informal study ^ Doran suggests that science 
teacher candidates tend to rely on a view of teaching as the transmission 
of tiif otmatlon. In his role as an educator of science teacherSj Doran 
has noticed that mechanical analogies often appear in preservlce science 
teachers' accounts of their early attempts to teach, Doran names and 
describes five ''niodels"— hamierj assembly='line, sportgej photographic- 
developing, and agrlcultural^-conmonly implied by the teachers' talk. 
The use of such models suggests that the language of talk about teaching 
and learning is neither precise nor well-suited to its professional 
purposes. Doran hopes that his report of the models will atiniulate 
teachers to reconsider their views of the nature and purpoie of their 
interaction with pupils. The present study goes a great deal further, 
to the queation of how one may assess the provision science teacher 
education makes for development of views of teaching. 

Analysis of teachers' views of a particular type of teaching 
formed one component of a research project recently completed In England. 



Rodney L. Doran, "Hammer or Sponge?" The Science Teachery 
XLI (February, 1974) » 34-35, 
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The Ford Teaching Project^ at the University of East Anglia brouglit 
together a group of teachers intercisted in ''Inqiilry/Dlscovery'* teachiiig* 
In discussions of what they meant by this typG of teaching, the teachers 
used a variety of other terms in conjunction with the tvo thetnes of not 
telling pupils ^hat they were to learn p and "enabling independent 
reasoning*" TuacherB were interviewed individually and groups of 
teachers inet to discuss the various terms which appeared to be asscclsted 
with inquiry/discovery p Analysis of transcripts ylolded five bipolar 
dimensions which appeared redunible to threes (1) f oriiial-lnf ormal ^ 
(2) structured-utistructured, and (3) guided-open ended. An analytical 
schema with three dliTiensions—ternied "situation," "almss*' and Vethods"^- 

was construGtad and used to eKamine teachers' teaching practices aiid 

, 2 
attempts to foster independent reasoning. 

The Ford ^Teaching Project represents a significant effort to 

study teachers' views of teaching* As the project attempted to support 

teachers' efforts to change their teacbing behavior. It also obtairied 

Information about the Influence of views of teaching oti teaching 

behavior* The present study's focus on the provision made for development 

of views represents an unexplored direction for considering the 

development and use of views of subject triatter and teaching* 

The Need f or t he Present Study 
This scudy Is not the first to recognize or to address the 
significance of =vlews of science and views of teaching. Howaver^ it does 
represent a new appToach, based on new perspactlves on teacher education 
and science education research , as explained in Chapter II, Here it la 
appropriate to confirm tnat schemes suitable for assessing the interaction 



This two-year project (1973--1975) was directed by John Elliott 
and funded by the Ford Foundation, For an accouTit of the origins and 
design of the projects see John Elliott and Clem Adelman, 'MJlef lectiiig 
Where the Action tst The Design of the Ford Teaching Project j'* Education 
for Teaching (Autumn, 1973), 8-20. 

2 

John Elliott and Clem Adelman^ The Language and L ogic of Informal 
Teaching (Norwichj England i Centre for Applied Research In Education^ 
"University of East Anglia^ 1975) ^ pp. 1-9. Twenty other titles have been 
published In a series of booklets in which the nctivities and reaultB of 
the project are described and interpreted. 
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between claims abotit, and vIgws of, sciencG and teaching have not been 
developed by previous Invesstigators , For this purpose , three studies ai-e 
examined. Two involve atifilysis of the nature of Bclences thcs third 
analyses research and argument relevant to the concept of teaching. 

Analysis q^£ the nature of science 

Robinson -s stuclys The Nature of Scleflce and Science Teaching s ^ 
is one of the most sigtilftcant attempts to bring considerations from 
philosophy of science to bear on issues and problems science education. 
Robinson examines six viev/s of the nature of ici €nce----views eKpreejed by 
MargenaUj Frank, Bridgraans Woodger, Beckner, and Gerard—and ultimately 
synthesizes a list of '^understandings" appropriate to individuals who 
are "developing scientific literacy." Robinson seeks to provide a more 
comprehensive analysis of scientific knowledge which can guide the 
revision of science curricula* 

There are several major themes in Robinson's work. He Is 
concerned with "the structure and organlzatlnti of scientific thought^" 

2 

in the belief that these should be reflected in the teaching of science. 

He seec the posslblity of developing a new vie^ of the teaching of 

science. He seems to linply that in science teacher education programs ^ 

science teachers should come to understand the structure of scientific 

3 

knowledge. In order to make similar provision for their students. One 

of his major conclusloas is that through the structure of science, methods 

of scientific Inquiry are united with the knowledge they produce. In the 

following paragraphs 5 Robinson summarizes his conclusions in a manner 

vhich can be related to the problem being addressed in the present study. 

An understanding of science is considered to be an essential 
outcome of general education in contemporary society. Achieving 
this educational goal requires comprehension of a useful structure 
of scientific: knowledge. Such a structure may be clarified by 

^ James T, Robinson, The Nature of Bclencc and Science Teaching , 
(Belmont, Californlai Wadsworth Publishing Company, Inc*, 1968). 

^Ibid, , pp. 138-140. ^Tbld., pp. 1U12. 
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making explicit the understandings that characterize scientifically 
literate individuals. 

An artificial dichotomy of products and processes of science 
reflects the spectator=-8pactacle doctrine of classical physics but 
is Incompatible with twanticth century science. A shift in 
perspective, especially a shift in the philosophical perspective 
with which a teacher Interprets natural phenomena to students 
requires significant shifts In the patterns of science education. 1 

Robinson's study provides a previously unavallabla analysis of 
the nature of science. The value of the study is enhanced further by 
the derivation of an extensive list of "understandings" to be achieved 
for scientific literacy. However, there are several respects in which 
the study, and others like It, falls to solve the problem upon which the 
present study Is focused. Robinson's study does not address the question 
of how a teacher or teacher candidate develops views of the nature of 
science—how present views are held and how they may come to be modified. 
It is assuniBd that the analysis of science presented is adequate and u 
appropriate for all, and that all individuals will be able to modify 
their views of science accordingly. Also, the study is set in a context 
of the universality of the objective of aclentlfic literacy. These are 
rot faults of Robinson's study, but these considerations do indicate that 
Robinson's iinalysls of science does not speak directly to the concerns of 
the present study. 

Bridgham has developed and contrasted three conceptions of the 
naturo of science and used them effectively to account for the existing 
diversity of claims about why science should be taught to children.^ His 
labels for the three conceptions of science are "rational empiricism," 
"systematic erapirlcism," and "paradigmatic research." Each is regarded 
as a subclass of the preceding conception, and Brldghatn argues that 
"paradlgfliatlc rasearch" is the most defensible interpretation of science. 
For this conclusion, he draws upon analyses of science by Kuhn, Toulmin, 
and Schwab. With Bridgham's scheme, various claims about tmtcomes of 



^Ibld. , p. 112. 



2 

Robert G, Bridgham, "Conceptions of Science and Learning 
Scleiice," School Review. LXXVIII CNovember, 1969), 25-40. 

^Ibid. , pp. 26-34. 
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science teaching can be separatcid into three groups. Brldgham la then 
able to conclude that when science is liiterprcitecl aa paradigmatic 
research, it Is defensible to claim that the teaching of sciencK can 
enable pupils to understand naturnl phenomena as science does and to 
understand contemporary scientific research.^ 

Brldgham' s conceptions of science are useful for undarstanding 
the several ways In which scieiice Is popularly Interpreted in western 
culture. While these conceptlona can be related to claims about why 
science should be taught to children, they have not been prepared in a 
manner which can facilitate the analysis of iiidlviduals' development of 
conceptions of science. Nor is rridgham's treatment adequatQ for the 
analysis of conceptual interaction between individuals' conceptions of 
science and claims about why science should be taught, a major concern 
of the present study. Brldgham concludes that the conception of science 
as "paradigmatic research" is more defensible than the others, but he has 
not considered alternative conceptions of sjcience, such as those 
developed by other philosophers of scienco. In brief, with appropriate 
davelopments his scheme could be useful if It were agreed that all 
science teachers should adopt che Kuhn-Toulniln-Schwab conception of 
science. This agreement has not been achleived. 

There is one study which has drawn, upon philosophy of science in 
a manner which is more closely related to the problem at hand. Munby has 
derived from philosophical considerations an analytical scheme capable of 
detecting the provision made by science teaching for pupils to understand 
different views of the nature of science and how scientific knowledgQ 
claims are establiahed. ^ Of Interest in the present study is the 
contribution of science teacher education to a science teacher's under- 
etanding of the nature and significance of such consequences for pupils. 
Robinson and Brldgham demonstrate concern for these and related 



^Ibld. . p. 37. 
2 

A. llugh Munby, "The Provision Made for Selected Intellectual 
Consequences by Science Teaching: Derlvotion and ApplicQClon of an 
Analytical Scheme" Ciinpubllshed Ph.D. dissertation, University of 
Toronto, 1973). 
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consaquences of scicinco Gducationj btit their stiidtas do not taka that 
concern to the classroom^ as Munby^s does, or to Hciience teacher education, 
as the presant study does. Several other atudlGs ^^hlch have related 
philosophical analysis to aspects of science Instruction are described in 
Chapter XI* Tho inveBtigator is not aware of any studies \^hlch havo 
extendad philosophical analysis of the nature of science and teaching to 
aspects of instruction in scieact^ teacher edLication programs. 

A naly si s of the concept of teacblng 

A paper by Nuthall and Snooks titled "Contemporary Kodels of 

Teaching,**^ provides a reference point with respect to perspectives 

available for the analysis of claims about teaching* The paper has as 

its purpose the identification of » * those conceptual structures 

%jhich have functioned as models in recent research and debate on teaching 
2 

methods." As such^ the paper reflects a recent survey of a large body 

of literature relevant to the analysis of teaching* 

Nuthall and Snook identify three modela~behavior--controlp 

discovery-- learning 5 and rational-*--as dominant in contemporary research 

and arguTTient about teaching* They conclude that the three models serve 

to define how teaching should be viewed ^ for reBearch purpOBes and for 

planning activities of classroom teaching. They also conclude that 

reseax'ch conducted according to one inodel remains dependent upon that 

models so it Is not possible to develop a "unified body of knowledge" 
3 

about teaching. 

Understandably 5 Nuthall and Snook are more concerned with the 
role of a model in guiding research than in guiding teachings but they do 
adniit the latter possibility. Their conclusions suggest that the three 
models are mutually CKclusive, in which case the models themselves are 
not likely to rGprcsent perspectives for interpreting the development of 



Graham Nuthall and Ivan Snook, "Contemporary Models of Teachings" 
in Robert W, Travers (edO, Second Handboo k of Researc h on Teaching 
(Chicagoi Rand McNally and Companyj 1973) ^ pp« 47-76. 

^Ibjd. , 49. ^Ibid . , pp* 70-71. 
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thought about teaching. It Is pQssible^ however^ that the models arc 
contraatGd according to critei^ia which could servt* as suitable 
perspectives* In fact, this does not appear to be the case* Each of 
the three modGls Is discussed in terms of the description of toaching 
and leariiing it offers, associated reBearch, and crltlciBm to which it 
is subjected. The behavior-^control inodel is depicted as an application 
of perspectives of behavioral pBychologys and the discpvery-learnlng 
model is described as an application of perspectives of cognitive 
psychology* The rational model is seen in tertns of the application of 
analytic philosophy to issues related to teachings with a rejection of 
behavioral--science assumptions*^ 

The analysis of models of teaching which Nuthall and Snook 
provide is dominated by debates between two schools of paychology and 
the contrast between behavioral science and philosophical analysis. The 
models they report are classification devices which lack general 
applicability to teaching, and the analysis of the models Is not made In 
terms of criteria relevant to the development of thought about teaching* 
Their paper gives no indication that schemes have been constructed which 
are suitable for the research problem of the present study. 

An Overview of th e Study 

The main body of the study begins in Chapter II with discussion 
of research and analysis which are indicative of the contGKt of the study 
and the preinises underlying the manner in which the problem is being 
addressed* It is the purpose of Chapter II to make explicit the 
perspectives which permit recognition of the research problem and design 
of the research procedure which is followed in the remainder of the study. 

Chapters 111 and IV present the theoretical development of the 
analytical scheme* In Chapter III^ three systematic interpretations of 



Ibid . J pp* It does not appear necessary to reject 

assumptionB of behavioral science when conducting a study from philo-- 
sophical perspectives* The construction of perspectives on teachings 
In Chapter IV of the study^ permits an alternative interpretation of 
contemporary debates about teaching* 
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the n^iturc of science aco eKamined in detail* Stephan Korner's concept 
of a "categorial framework'* is uscad as the basis for comparing interpra 
tat ions of sciende developecl by Rudolf Carnaps Karl Poppar, and Thomas 
Kuhn* The first portlDn of the analytical scheme consists of fiva 
dimenslonB on %^hich the interpretations of the noturo of science may be 
compared* 

In Chapter IV ^ five studies seeking analytic clarification of 
dlfEeront aspects of the concept of teaching are first described and 
then Interpreced in a manner which yields six dimensions suitable for 
comparison of alternative perspectives on the concept of teaching. 
These diraensionB form the second portion of the analytical scheme. The 
three perspectiveB are not associate^d with particular individuals, as 1 
the analysis of the nature of science* Rather ^ the five studies are 
interpreted as eKpressione of a "conippsite" perspective which seeks to 
unite and go beyond two oppoaing pDsitions which give undue emphasiB to 
particular aspects of teaching and learning. 

Whilci the major purpose of the study Is the development of the 
analytical scheme for assessing the potential interaction between ways 
of thinking about science teaching and claims made in a science teacher 
education program^ that development does not complete the study. In 
Chapter an initial assessTnent Is made of the applicability of the 
analytical scheme* The assessment, which focuses on a selected aspect 
of science teacher education programs (textbook content) , demonBtrates 
how the analytical scheme may be applied to claims and supporting 
argumonts s as It also demonstrates that the scheme is a usable one. 
Modifications of the analytical scheme are made in accordance with the 
results of the initial application of the scheme to teKtbooks which 
discuss Tnethods of teaching science* 

In Chapter VI, the study is brought to its conclusion with a 
summary and discussion of the applicability of the analytical scheme. 
A number of avenues for further research are noted* 
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Limitations of the Study 
Limitations of the study are of two genei^al types i those 
associated with the theoretical devalopnient of the analytical scheme , 
and those associated with the asaessmant of the applicability of the 
scheme* 

LiTnitations of the 
thaori5t ical devtelopTnent 

The theoretical development of the analytical scheme has two 
parts, with different limitations. The tnost obvious limitation of the 
acheine's dimensions pertaining to the nature of science Is the reference 
to only three systematic interpretations of science. The selection of 
the interpretations by Carnapj Popper, and Kuhn is justified in Chapter 
III. Here it is appropriate to note that there are many options 
available to the researcher who wishes to use the literature of 
philosophy of science to shed new light on questions of science 
education. To this Investigator, it seems more valuable to make a 
reasoned selection and proceed accordingly than to search for or attempt 
to construct one "best" way to relate philosophy of science to science 
education. This study is llmltad by the theoretical boundaries of the 
selected approach to philosophy of science. The approach used in the 
study Is only one of many possible approaches, each of which has the 
potential of yielding different results. There appears to be value in 
developing the application to science education of a number of different 
perspectives from philosophy of science. 

The scheme's dimensions pertaining to the concept of teaching 
are limited by the selection of papers to be analyzed^ and by the 
interpretation placed upon the arguments presented in the papers. 
Justification is given in Chapter IV for the choices of papers which 
subject the concept of teaching to philosophical analypls. 

Philosophical analysis of educational concepts is one Important 
root of the research design being followed in the study. Limitations 
associated with the design may be identified in the discussion of 
research styles In Chapter II. It Is slinuitaneously a strength and a 
limitation that the analytical scheme In intended for eKaminatlon of the 
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provision mada for the development of views of sclonca and teaching. 
"Provision made" is quite difforGnt from "effects achieved," but it 
makes the analysis of teaching more fruitful. Vfimn one is clear about 
what provision for learning has been tnadej the identification of actual 
learning outcotnes is a Tnore manageable task- 

Limitati ons of the assessnient 
of ap plicability 

The most important limitation of the assessment of the 
analytical scheme's applicability is the fact that it does not Include 
examination of science teachers' actual views of science and teachings 
or of the development of those views. This study is limited to an 
assessment of the provision made for the development of views of 
science and teaching* The decision to assess the scheme's applicability 
with reference to the provision made by textbooks which discuss methods 
of teaching science is justified in Chapter V. The empirical component 
of the study is thus limited to revealing the potential influence of the 
textbook component of science teacher education programs on science 
teachers' views of science and teaching. The primary purpose of the 
empirical component is the assessment of applicability. 

Every effort Is mades in Chapter to open the assessment of 
applicability to the eyes of the critical reader. Claims about the 
scheme's applicability are not extended beyond the evidence available in 
that chapter* It is not apparent that a significantly improved Initial 
assessment would be achieved by training independent assessors in the 
use of the scheme^ to obtain additional opinions* The assessment is an 
initial one, intended to demonstrate that the scheme is a usable one and 
to indicate some of the ways In which it can be used. 
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CHAPTER II 



BACKGROUND CONTEXT OF THE STUDY 

Introduction 

It is the purpose of this chapter to develop the background of 
thought and research upon which the present study is based* The two 
major topics are patterns of teacher education and etylaa of science 
education research. 

A brief account of rationales and programs for science instruct 
tlon and teacher education precedes the detailed eKamlnation of a new 
perspective on teacher education, identified In several different 
studies. This perspective accents the significance of a teacher's 
understanding of the nature of science and the concept of teaching. 

The discussion of styles of research begins with a review of 
four styles commonly used In science education, with examples drawn 
from research on science teacher education. The present format of 
deriving an analytical scheme from theoretical perspectives Is eKamlned 
in some detail and Illustrated by examples of the application of that 
style of research to questions of science education practice. 

In this manner, the necessary elaboration is made of two 
points of view which are regarded as fundamental themes of the 
study. The perspectives on teacher education and science education 
research complement each other and highlight the significance of the 
subject and the method of the study. 
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A Rgviqw of Rati atid rrac tlcos gf 

Scien ce ^UGach^ng^ and Teacher Educatiqn 

The education of science teachers has not been significantly 
different from the education of teachers in general, but rationales for 
science instruction have had characterisclcs distinctively different 
from rationales for instruction in other areas of the school curricu-- 
lum. Accordingly, it seems appropriate to review briefly the histori- 
cal development of rationales for science instruction, as a preface to 
the discussion of teacher education in general. 

Science teaching 

Two references are particularly useful for obtaining an overview 

of developments in science education in this century, Kurd's Biological 

Education in American Secondary Schools, 1890-1960 ^ provides in a single 

volume a coinprehensive review of Tnajor American efforts to clarify and 

redirect goals and methods of science instruction, with special reference 

to the teaching of biology. Wall's annotated bibliography of forty- 

2 

two science education documents spanning the years 1893 to 1972 idan= 
tifies sources of first-^hand Information about changes in the direction 
of science education. From these references, a brief and selective 
summary is dram, to indicate the kinds of changes which have occurred 
in rationales for teaching science. 

Kurd attempts to characterize the major themes of science edu-- 
cation in each decade from 1890 to 1960. The result la a picture of 
the various ways in which science has been molded to yield potential 
contributions to the changing ideals and problems of developing deino- 



Paul DeHart Hurd, Biological Education in American Secondary 
Schools , 1890-1960 , Biological Sciences Curriculum Study Bulletin" No* 1 
(Washington, D^Ci American Institute of Biological Sciences, 1961). 

2 

Charles A, Wallj "An Annotated Bibliography of Historical Docu- 
ments in Science Educatlonj" Science Educ ation, LVII (1973), 297-'317* 
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A Rgviaw of Ratlona lGa atid rrac t lcos gC 
Scien ce_'UGachin g and Teach or Educatj on 

The education of scir3nce tenchers has not been significantly 
different from the education of teachers in general, but rationales for 
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lum. Accordingly, it seems appropriate to review briefly the histori- 
cal development of rationales for science instruction, as a preface to 
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of science education. From these references, a brief and selective 
summary is dram, to indicote the kinds of changes which have occurred 
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Kurd attempts to characterize the major themes of science edu- 
cation in each decade from 1890 to 1960* The result la a picture of 
the various ways in which science has been molded to yield potential 
contributions to the changing ideals and problems of developing deino- 



Paul DeHart Hurd, Biological Education in American Secondary 
Schools , 1890-1960 , Biological Sciences Curriculum Study Bulletinr No* 1 
(Washington, D,Cp i American Institute of Biological Sciences, 1961). 

2 

Charles A. Wall^ "An Annotated Bibliography of Historical Docu- 
ments in Science Educatlonj" Science Education , LVII (1973), 297-'317* 
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cratLc sociouics;. An cinplKinIs on prcpariiig scconflary sLuclants for 
university onCrance rGc[u Ir'/mc^nts f^aVD way to coTicnrn for the ])rACtlcal 
appllcatlDns of scloncci ID students' lives, an schnol cnrollinnnL uk" 
pancltjd after 1900. The ^'^Hcitintif ic muLhod'' was st;russQd in thc> 1920*h, 
while the 1930* s saw reinywod concern with meetiiig ytudents' needs. 
The contribution of science to general education and atudents' under- 
standing uf the nature of science were thenies which preceded the con- 
cern of sciance educators, late in the 1950' to prepare thm personnel 
needed by an inGreasingly technological society. 

Two broad Impressions emerge from an examlnotion of Hurd's 
study, one related to rationales and another to methods of science 
teaching* When one examines the rationales for science Instruction In 
previous periodBj it becomes apparent that today's rationales are not 
so clearly nev; and better as one might think* The form and context of 
rationales may be different, but themes recur/ For eKample, the poten- 
tial value of focusing upon inquiry and the conceptual schemes of sci-^ 
ence was recognized by groups eKaminlng the science component of the 
school curriculum in the period between the two world wars. The second 
broad Impression conveyed by Hurd's study is that those who have delib- 
erated rationales for teaching science have consistently complained 
about the survival on a large scale of teaching which emphasises the 
simple storage and recall of Information by pupils* The recognition 

that the goals of "packaged" science curriculum materials are subverted 

2 

quickly and easily by inappropriate teaching styles is but the latest 
variation on a theme which per^^ades the history of science teaching in 
this century* 



Hurd, Biological Education In American Secondary Schools, pp* 

This type of unintentional subversion of goals of the "new" 
science curricula of the 1960's was predicted by some* See Maurico 
Belanger, "The Study of Teaching and the New Science Curricula," The 
Science Teac her, XXXL (November, 196^0, 31-35. 
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The documents selected by Wall for his bibliography refer to 
both science instruction and science teachar education* Oiie--half o/ 
the documents are dated 1960 or later, and the bibliography is thus a 
convenient source of information about developments subsequent to 
Hurd^s study. Growing interest in the structure of scientific knowledge 
and the nature of scientific inquiry was reflected in the widely dis-^ 
trlbuted statements by the National Science Teachers Association on 
conceptual schemes and processes of science* 

Wall cites four yearbooks of the National Society for the Study 
of Education* These provide detailed statements on various aspects of 
science instruction and teacher education. Published in the years 1904, 
1932, 1947, and 1960, they are separated by intervals long enough to 
permit recognition of significant changes in rationales and programs, 

Teachej education 

It is valuable to examine the development of teacher education 
with a view to identifying implicit assumptions about the preparation 
an individual requires for the role of science teacher, Preservice pro-- 
grams provide one indication of such assumptions | patterns of inservlce 
supervision provide another, 

Preservice education 

A variety of patterns for teacher education developed early in 
this ceutury to meet the needs of a rapid expansion of the school popu- 
lation at both elementary and secondary levels. In the earliest stages 
of public education, both Canada and the United States were influenced 
by British and European patterns, Johnson records that in Canada, ele- 
mentary school teachers were trained either by apprenticeship or^ later 
and more commonly, by one or two year's attendance at a normal school. 
Secondary or grammar school teachers were regarded as qualified to teach 

^Wall, "An Annotated Bibliography," 
~Ibid ., p, 309. 
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if chey had received a bachelor's clegruc at n univGrsity*^ Theso two 
modGS of preparation^ originally alternacivo and later CDmbJnedj reflect 
in siiTiplest Cermy two thumas i^?hich continue to pervade teacher education 
programH: sub j cct-iriLit tor expertise and trrilning in techniques of in-- 
struct ion* Tcachor education began in normal schools, outside the sys- 
tem of universitios . In the United States^ normal schools developed 
into degrcG-grauting teachers' colleges and state coLleges and univer- 
sities * as j-.evels of education increased generally , as graater impor- 
tance was attached to "acadumic respectability," and as universities 

2 

instituted their own urograms for teacher education. The normal-- 

, 3 

school tradition continued for a much longer time in Canada* 



Xns ervi c e s up nr v Is Ion 

As public education has expanded and developed ^ there has been 
a sequence of patterns for the relationship between teachers and the 
Individuals responsible for what happened in schools- The supervision 
teachers experience may be regarded as a special aspect of teacher edu-- 
cation. Patterns of supervision express assumptions about the roles 
teachers rire expected to perform* American education in the first half 
of the twentieth century has been seen as dominated by two major con- 
cepts, "scientific supervision'* and "supervision as democratic humi n 
relations. '* Lucio and McNeil Interpret these concepts as two succes-- 
sive reactions against the "imposition of curriculum and tnethod by 
personal authority of administrative officers." 



F. Henry Johnson, A Brief History uf Canadian Edu cation 
(Toronto* McGraw-Hill Company of Canada Llmltedj 1968). 

2 

Seymour B, SarasoUj Kenneth S. Davidson^ and Burton Blatt, The 
Preparation of Teachers (New Yorki John Wiley and Sons, Inc*, 1962), 
pp. 19-23 r 

3 

Johnson, A Brief H istory of Canadian Education , Chapter 15, 

^William H, Luclo and John D, McNeil, Supervision i A Synthesis 
of Thought and Action (New York: McGraw-^Hlll Book Company, Inc., 1962). 

^Ibld . , p. 10. 
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Scientific Brpervisioa rc.Qtacted the rise oJ: tho concepl: of 

''scienCLf Ic manngeniftnt" and the hope that rt!senrch and measurattiGnl: 

would establish laws oi educational practice suited to the growing edu- 

cntloiial population* Tcaat.fnor aud supacvisor wcnra saen as having Bupa-- 

I'^ate but complementary roles. The supervisor would acquire expertise in 

knowing what procedures best suited the desired pupil development^ and 

the teacher would acquire expertise in applying the procedures to 

achieve that development:. As Lucio and McNeil point outj there is a 

significant .similarity in recent efforts to determine instructional 

sequences which enable pupils to devLJop with luir.imal teacher influ^ 
1 

ence. 

Democratic supervision came to the fore i'l the period from 1930 

to 1950* During a period of Goiicern for -'the ideals of a democratic 

orders" guid.^nce replaced the concept of inspections in the United 

States, Stress was placed cn the maKsmum personal development of the 

Individual teachers and "supervision beGama associated witVi precepts 

respecting hiunan personality and encouraging wide participation in the 

2 

formulation of policy* ' Lucio and McNeil advance the plausible sugges-- 

tion that these alternative interpretations of supervision involve dif-- 

ferent interpretations of the nature of knowledge and of the most desi- 

3 

rable kind of society. 

These discussions of teacher education indicate that assumptions 
are made about how teachers should be prepared for their roles and abouf 
how they should behave in them. These assumptions have shown change 
over time. Preparation has reflected assumptions that teachers require 
further study of subject matter^ study of topics unique to the profes^^ion 
of teaching, and opportunities to practice professional skills. Super- 
vision has assumed that teachers should be told how to teach or that they 
should be helped to develop their talents * These assuinptlonB establish a 
context for the discussion of a new perspective on teacher education. 



^Ibid . s 11. 



Ibid . , pp. 8-^10 
^Ibld . , p. 12 . 
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Science tearluir culucatlan 

ScJ.^iica teachf^r educat:ion ban usad the question "What are the 
tieL^dH oC sciuac'' teachers preparing to teach in the schools?'* to guide 
its planning^ and tht'te have boon several interpretations of the 
question. By 1939, the turn-pf =^thQ-century emphasis on knowledge of 
Subject matter had given way to the view nhat preparation for science 
teaching requlrod a combination of liberal and professional education* 
For Powers \ a liberal education implied both breadth and depth in the 
study of science, to attain "respectable scholarship.*- Training in 
prr fessional methods completed the requirements for preparation to 
assurae teaching responsibilities p 

The discussion of science teacher edncation in the 1947 
N.S.S*E* Yearbook on science^ education maintained the concei/i for schol- 
arship in science but emphasized the use of science in understanding 
2 

sorinl issues. Interestingly 5 special attention was called to the 
problems of relating psychological theory about human growth and learn- 
ing processes to practical settln^js and of providing practice in the 

3 

application of theory. In 1960, the professional component of science 
teacher education was organised i to the following topics.^ 



S. Ralph PouerSj ''Programs for the Education of Science 
Teachers in State Teachers Colleges/- A Program for Teaching Science., 
The Thirty-First Yearbook of the National Society for the S^udy of 
Education, Part I CBloomington , Illinois: Public School Publishing 
Company, 1932), pp, 325-^344. 

-'The Education of Science Teachers for Secondary Schools,*' 
Sci ence Education in American Schools , The Forth-Sixth Yearbook of the 
National Society for the Study of Education, Part I (Chicago: The 
University of Chicago Press, 1947), pp, 273-^288, 

^Ibld . , p, 285. 
4 

John S. Richardson, et al.j **The Education of the Science 
Teacher/* Rethinking Science Educatio n, The Fifty-Ninth Yearbook of the 
National Society for the Study of Education, Part 1 (Chicago: The 
University of Chicago Press, 1960), pp* 263^266. 
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1. Roio of the scliool In society 

2. Humau growth and deivalopmt^nt; 

3. Noturn of the Icnrninf^ proct^SB, from learner and tonchur 
viewpoints 

4* Methods of teachlvig scioncc: 

5. Student t£*aching 

6. Guidance and counseling 

Summary 

This review of pat':orns and practices of teacher education, in 
general and with specific refereuae to sciences is a survey^ not an 
exhaustive analysis. It does lend credibility to the Impression that 
there have been variations but not significant changes in the concept 
alization of science teacher education In terms of subject-Tiiatter exper- 
tise and professional teachin^^ skills. There have been significant 
changes as well as recurrent themes in rationales fo^ the teaching of 
science* It is not clear that programs of science teacher education 
correspond adequately to the I istructional outcomes desired for science 
students. To this investigator^ it seems to be assumed that teachers 
can come to understand the nature of science adequately by taking more 
science courses, and that teachers can acquire necessary skills of 
instruction by studying various pr-afessional topics and engaging In 
periods of teaching practice. 

New Persp^ectives on Teacher Education 
In the literature of teacher educations four arguments have 
been identified which call for changes in assumptions about the nature 
of toacher education* Three of the arguments are compatible, developing 
in complementary ways assumptions appropriate to training teachers not 
to transmit information but to enable others to develop independence of 
judgment. Discussion of these new perspectives on teacher education Is 
followed by analysis of a fourth arguments in which the call for a dif- 
ferent shift in assumptions is rejected* In the light of the aasump- 
tlons which are accepted, development of theoretical perspectives on 
science and teaching in a manner relevant to the conduct of science 
teacher education can be seen as an urgent and worthwhile task. 
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The tea char 'a foj^Jts_qliSGrv^ev^ 

Ciin f, no at ;lc_i_an^ t act! clan ^ 

In a Btudy based on psychological c.onsideratinns , SaraBon, 
Diividson, and Blntt have argiied that teachers should be trained for a 
role ttH "obstarvGr-diagnostician-tacticlan," while present teacher edu- 
cation practice secim beitter suited to tra-Lnlng for the role of techni- 
cian. They begin their study by asking whether programs of teacher 
education prepare teachera for the task of bringing about "productive 
learning" and conminicating to pupils the "{spirits and traditions" of 
the arts and sciences. This task Is regarded generally as more appro- 
priate than simply comraunicating inf ormatlon , and accordingly one may 
ask a very basic question. 

V'Jhat iS the relevance of the contents and procedures of teacher 
training for the functions which a teacher performs by virtue of 
being a content provider for, Gtimulant to, and supporter and over- 
seer of the intellectual development of children? 
To these investigators, the passivity of having teacher candidates 
listen and read, and then do teaching practice which focuses on the 
technical aspects of teaching, is ill-suited to the role teachers may 
be expected to assume. 

To sitnultaneously account for the nature of present practices 
and illustrate the potential significance of the role for which teachers 
in their view, must be prepared, the Investigators present three types 
of analysiG: (1) a history of teacher education, including the contin- 
uing debate between "scholars" and "educationlGts (2) an account of a 
classroom day, emphasizing the demands attendant upon concern for indi- 
vidual pupil differences, and (3) a report of an "observational semi- 
nar" conducted for teachers-in-training (In the third year of a four- 
year concurrent program) in each of three successive academic years. 

The historical account of the development of teacher education 
In the 'United States establishes the context of the problem. Tlie roots 



^Sarason, Davidson, and Blatt, The Preparation of Teachers, 
^Ibld. , p. 15. 
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of the concern that Caachers ponsess a liberal eclucation aru IdcntlfJed, 
Whila not suggoscing that cnm can teach a t;.ibject one doas not know 
well, the investigators maintain that knowledge Itsnlf is no [^uaranteci 
of affoctivG communication Co others* They suggest that teachor train- 
ing has Ignored this point, as It haB ignored the in-^tho--classrooni 
significance of individual differences among pupils. The account of 
one day in an elemontary-school classrootn speaks to this latter no-- 
gleet 5 by giving practical import to the investigators' claims that 
teachers do observe selectively^ make Inferences from overt behavior 
to covert attitudes, and make decisions about appropriate action* 

Two of the three investigators designed and conducted an obser- 
vational seminar, to explore their ''conceptual hunchuts" about the se-- 
lectivity of the untrained observer and about the radical nature of the 
change from passive learning to active learning in which one assumes 
personal responsibility for what one learns. They concluded that 
teachers are not prepared for the role of psychological observer and 
tactician* 

Unfortunately, many teachers do not possess sophistication in oh- 
servation, they tend to be uncritical of the processes by which 
they go from observation to action, and they are unaware of the 
discrepancy between theory and practice,^ 

This study seems particularly valuable because it provides em- 
pirical illustration, of several types, of consequences associated with 
the role of a teacher as observer--diagnostician-tacticlan, derived from 
psychological considerations of diffeyences between "productive learn^ 
ing" and learning of information* The analysis of a classroom day 
Illustrates how the new role can be applied to the interpretation of a 
teacher's behavior. The report of the observational seminar shows how 
one might go about preparing teachers differently, in the light of the 
new role. 

By an analytic route , the Investigators arrive at the conclusion 
that teaGher training relevant to the goal of "productive learning" 



^Ibid., p. 73, 
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damandn spPcHTic attention to processes by which oriG recognlzQs in- 
BtancGS to which theory npplies and by vJhlch one uses thaory to guidG 
the practice of teaching. The ImpiicatlonB are substantial for how 
theory is presGnted and for how teaching practice Is conducted in pro- 
grams of teacher education* Sarason5 Davidson, and Blatt are careful 
to point out that they have achlGved theoretical conflrniation of their 
promlacB about an unBtudied educational problem^ but they have nut 
thereby demonstrated that the changes they recommend would In fact en-* 
sure , the achievement o£ productive learning. For that purposej other 
types of research would be required. 

Conceptuallaing the teacher's role as observer-diagnostician- 
tactician appears to be a new and substantiaHy different perspective 
on teacher education* The role is regarded as one which can be in- 
formed by theoretical perspectives on science and teachings as developed 
and applied in this study* How one observes ^ analyzes^ and selects 
further courses of action is very much a function of how one thinks 
about science teaching* 

The construct of a teacher's "model of teaching" has been 
employed by Belanger in an analysis of preservice teacher cuucatlon and 
by Cogan In the developtnent of a new format for inservlce teacher super- 
vision. Scheffler has argued that teacher education has restricted it-- 
self by failing to encourage teacher candidates to develop philosophical 
perspectives on the subjects they teach* Their arguments are now 
examined, to demons t rate how they support and extend the perspective 
developed by Sarasonj Ikavidsons and BXatt, 

The construct of a "njodel of teaching** 

From their professional experiences in teacher education, 
Belanger and Cogan have forraulated rationales for regarding a teacher 
as having a conceptual framework for seiecting and interpreting class- 
room events. They refer to such a conceptual framework as a "model of 
teaching* Their arguments are presented separately and then related 
to the position presented by Sarason and his colleagues. 
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BGilani^Oi^'H actconnt: 

Bcplangcr iinos "inotloi of Loach Inn" *i coualvuct which Hurvi^n 
tci rKplain th^:* 'Mnit::tai r./nchinj! perf ornviiu'c^fi" of Lo.-^clurr ('and i chi t. 
and Co wuggust a new way of thin king nhcuit: Lho unhure of tioachar 
education. At the llarva rd ^NcvJion Suiiin!c:!r Scliool , libora3.-=artB 
gradiuit;t5B^ wt^ro ongaged in an intensivu program of superviaud tcjach;Ln£^ 
practilcG during the sunnmerj in preparation for a semestor--long teaching 
interiujhip In a secondary school. In an analysis of his work i^ith 
patticipants in the procram, Belanger Introduces tho idcsa of a "modal 
of teaching/' in a discussion which stresses that the transition from 
studGnt to teacher is a very difficult one. His preniises are signifi- 
cantly different from earlier assumptions about teacher cducatiouj to 
the effect that teachers only need to know their subject Cs) well and 
study additional topics unique to the profession. 

One fact that teacher trainers too often fall to take into 
consideration Is that a beginning education student already knows 
a great deal about teaching and learning before taking any forinal 
course work in these areas. The student haSj after allj been 
observin,^ teachers for a long tittle^ sixteen years In the case of 
our Interns. He knows what school is like for that's where he has 
^pent most of his life. In no other professional area does a 
student enter* with a greater number of preconceived ideas about 
the nature of the work of the pi^of esslonal* He has been a learner 
in school and will now leave the student chair and cross over to 
the other side of the desk. This transition is by no means an easy 
one as can be attested by the initial teaching performances of 
interns. Early lessons range all the way from rigid scrlpt--like 
lessons to loose contentless "happenings*" Regardless of the 
particular style of tpnchlng carr^ied out^ the student teacher is 
nevertheless Qperatlng on the basis of a conception or model of 
teaching, ^ 



The participants were candidates for the degree of Master of 
Arts in Teaching at Harvard University | the program was conducted in 
schools in NewtoUs Massachusetts, Belanger refers to the participants 
as "'interns," 

2 

Maurice Belanger^ "A Psychology Course Planned for the 1968 
Harvard-"Newton Summer School^" in Psychology in Teacher Prepar ation, ed, 
by John Herbert and David Ausuhei^ Monograph Series No, 5 (Toronto i 
The Ontario Institute for Studies In Education^ 1969), pp, 99--100* 
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In the neKt paragraph of his analysis, Bslanger outlines the 
view of the nature of teacher education which follows from the inter- 
pretation that candidates already have models of teachings which must 
be developed to suit the requirements of a career as a teacher. 

The purpose of the Harvard-Newton Summer School^ as we are 
beginning to reconceive it, is to provide a clinical setting where 
the intern can make more eKpllclt his model of teaching , examine it, 
have it challenged, modify and remodlfy it on the basis of knowl- 
edge and eKperience* In past years rather than starting with the 
internes conception of teachings we at Harvard-Newton ha\^e probably 
been too enamored with our own conceptions, our own knowledge, and 
even our own wisdom. The teacher trainer , of whatever variety, has 
built up hli own complex model of teaching and learning over a period 
of many years. It is not surprising^ therefore, that attempts 
to communicate directly Items that are selected from this rich col- 
lection often fail to be assimilated into the intern's own model 
and are rejected as trivial and useless. What we know can be of 
service to the intern if we focus not on the attempt to use this 
knowledge to shape the Intern's model to be congruent with our own, 
but rather on what the Intern now knows and believes about teaching 
and learning, and use our knowledge to help him evolve more complex ^ 
rational, and effective models. Although a teacher-training insti- 
tution can provide contaKts where the initial process of personal 
reformulation can be accelerated ^ yet the process continues during 
an individual's total career. Teaching is a personal invention, and 
part of "being a professional" means constant reinvention. ^ 

Cogan's account 

Cogan, who was also associated with teacher education programs 
at Harvard University, has used the same construct of a model of teaching 
in developing a rationale for "clinical" supervision of inservice 
teachers. He emphasizes the Importance of first identifying one's uncon- 
scious model of teaching in order to be able to replace elements with 
more appropriate ones as they become available and are recognised as 
suchp Cogan sees clinical supervision as a procedure which could make 
It possible for teachers to engage in such development throughout their 
careers* Note that Cogan makes specific reference to the existence of a 
"popular assumption" that teacher education is a "short and simple" 
process. 



^Ibld. , p, 100. 
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The profound undoroHtimntlon of ihu d i f f Icult: i.«s tenchorH fauci 
in iearning how to teach and In dmprovlng t:hc*lr teaching on Iho jnh 
is at the? root of pomo of the major probloms in the? presurvlce nnd 
iinstirvlCG Gducatlon of tennhcrs. The popuiHr assumption la that 
luarnlng to teach is easy and that th^ proi^araLion for toaching 
should thereforo ba fdiort; and ^;.lrnple. The trouble with this assnmp'- 
tion i^ that in a VGry gonuino fionsc futuro tcsachorB arrive iu 
collegi' with f ull'-f ledged models of teaching alrendy well estab- 
lished in their minds. Their twelve years as studGnts in elementary 
and secondary schools has provided them with cortain models of what 
teachers are and what they do in class. They have unconsciously 
learned styles of teaching while being taught. Just as they have 
learned to be parents , » , * , or law--abiding citiaens or criminals 
while living in a culture in which such models exist. 

One consequence of learning about teaching in this most perva-- 
sive and persuaslva way is that tha models learned are learned too 
well. They are difficult to uproot , to displace , to modify. As a 
result, future teachers face several difficult tasks* They must 
first unlearn the deeply etched patterns of teaching they arrive 
with, then select for their own use appropriate elements of the 
culturally "given** styles of teaching emerging today. This double 
task makes the preparation of competent teachers a longp demanding , 
and eKpensive operation. The rationale of clinical supervision 
demands, therefores that the inputs it contributes to the education 
of teachers should be equal to the double task the teachers 
face. * , *^ 

Belangar and Cogan base their challenges to popular assumptions 
about teacher education on their supervisory work with both novice and 
experienced teachers. Their point is that development of a model of 
teaching begins when one first goes to school j not when one is completing 
a liberal education and begins specific preparation for teaching* They 
regard the development of a model of teaching as an inevitable conse- 
quence of school learning experiences in which frequent observation of 
the behavior of teachers is both natural and inevitable* 

Belanger and Cogan see teacher education not as a process of 
adding Information but as the much more complex process of c^hanging 
one's patterns of thought and action — ^one'S model of teaching. Their 
premises are compatible with those underlying the arguments presented by 



Morris L* Cogan ^ Clinica l Supervision (Boston.' Houghton 
Mifflin Company, 1973) , p. 15. 
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Sarascjn^ Davidson^ and Blatt; and it seems reasonable to combine the 
two perspectives. Observation and Interpretation of classroom events 
and selection of subsequent teaching acts can be viewed as occurring on 
the basis of one's model of teaching, reflecting elements of its compo- 
sition* Sarason and his colleagues can be read as identifying particu- 
larly significant inadequacies of models of teaching, the development 
of which must be addressed directly by teacher education programs. 

The discussion turns now to another challenge to assmnptlons of 
teacher education. Scheffler argues that subject-matter competence has ' 
been interpreted In a limited sense. He may be read as identifying 
another important element of a model of teaching* 

The Importance of exploring 
philosophical perspectives 

Scheffler challenges assumptions about teacher education by 
arguing that prevalent conceptions of subject-matter competence neglect 
the potential contribution of a philosophical perspective on the subject 
one teaches • In his papery "Philosophy and the Curriculum,"^ Scheffler 
describes four ways in which the philosophy pf a particular subject 
could contribute to the teaching of the subjects For present purposes, 
the details of his suggestions are less relevant than his comments about 
teacher education* Scheffler takes the subject of science as his eKample, 
and thus his remarks have double relevance to the present study* 

To develop for his readers the potential contribution of philos- 
ophy of science to science teaching, Scheffler explains that philosophy 
of science relates in quite different ways to the work of the practicing 
scientist^ the philosopher of science, and the science teacher. Compe- 
tence In scientific inquiry, required of the scientist ^ can be quite 
independent of knowledge of philosophy of science. The philosopher of 
science engages In reflection on the practice of scientific inquiry, an 



Israel Scheffler^ '-Philosophy and the Curriculum," in Israel 
Scheffler, Reason and Teaching Clndlanapolls f The Bobbs^Merrlll Company, 
Inc, 1973), pp. '31^41* 
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activity wl ch may but naed not necessarily influciice that practice. 

The science teacher engages in the very different enterprise of handing 

on the forms of scientific thought* 

He needs to have a conception of the field of science as a wholes 
of its aims, methods , and standards; he needs to have principles 
for selecting materials and experiences suitable for inducting nov- 
ices into the field, and he needs to be able to communicate both with 
novices and scientific sophisticates, , . * j his profess tional pur-- 
pose, that is to say, can be articulated only in terms of some in- 
clusive conception of scientific activity which it is his object to 
foster* ^ 

Scheffler sees the science teacher's activities as ones which require a 

2 

perspective as broad as that of the philosopher of science. 

It is Scheffler 's conclusion that reflections on science, avail- 
able in philosophy of science, have considerable potential to influence 
science teaching practices. In the following excerpts, he stresses the 
point that a teacher who has not been introduced to philosophical per- 
spectives on his subject adopts and reflects "incoherent''* philosophical 
stances^ without being aware of doing so* These remarks about teacher 
education extend an earlier discussion of his students- responses to an 
assignment requiring them to examine the philosophies of their teaching 
subjects. 

Their reaction, if indeed it can be generalised, suggests that pre- 
valent conceptions of teacher training are curiously restricted* 
For these conceptions typically emphasize three features! subject- 
matter competence, practice teachings and the psychology and 
methodology of teaching* Since subject-matter competence is, more- 
over, interpreted as relating exclusively to the flrst^order pro- 
ficiency of the practitioner, no attention is given to the need for 
a second-order 3, or philosophical ^ perspective on the subject matter 
in question* And since ^ as I have argued, such a perspective is 
demanded by the teaching role in any event, the result is that it 
is gained haphazardly and Inefficiently by each teacher, without 
guidance and without awareneBS of alternatives* Lacking a system- 
atic and critical introduction of philosophical considerations, 
dogmatic and Incoherent philosophical attitudes are enabled to grow 
and to proliferate. 3 



" Ihid , pp. 35^36. " Ibid . ^Ibid,, pp, 36-37- 
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Later lii his argument, Scheffler touches on the kind of 

contribution the philosophy of a subject can make to an educator. 

It goes without saying that philosophies-of do not provide the 
educator with firmly aatablished views of justification; on the 
contrary, they present him with an array of controversial posi- 
tions* But this arrays although it does not fix his direction, 
liberates him froin the dogmatisms of ignorance, gives hitn a 
realistic apprehension of alternatives, and outlines relevant 
considerations , . . # ^ 

Scheffler's position, based on phiiosophical considerations ^ directly 

complements the argument by Sarason, Davidson, and Blattj based on 

psychological considerations. In both arguments ^ preparing teachers to 

bring about productive learning is shown to require activities quite 

different from more courses in one's subject (a) and passive study of 

topics unique to the teaching profession. 

An alt ernative view of a teacher's 
use of the ory and intellect 

Three complementary arguments with implications for assumptions 
about the nature of teacher education have been described as a signif i-- 
cant new perspective* Sarason and his colleagues, Belanger and Cogan^ 
and Scheffler have argued that teacher education could be expected to 
attend to the development of a teacher's model of teaching, in an active 
manner which makes explicit the influence of that model on the concep- 
tualization and the pursuit of outcomes for learners* 

This perspective appears to be challenged by Jackson's study , 
2 

Life In Classrooms, which develops a potentially useful perspective on 
institutional characteristics of the school* At the close of the study, 
prescriptions for teacher behavior and teacher education are made which 
conflict with the assumptions already dlicussed. The anti-Intellectual 



Ibid* , pp* 38-^39* The manner in which philosophical perspec- 
tives on scienCG are exarained In Chapter III is consistent with the 
position eKpressed here by Scheffler* 

Philip W, Jackson, Life in Classrooms (New York* Holt, Rlnehart 
and Winston, Inc* , 1968)* 
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Ibid* , pp* 38-^39. The manner in which philosophical perspec- 
tives on science are eKaralned In Chapter III la consistent with the 
position expressed here by Scheffler* 

Philip W, Jackson, Life In Classrooms CNew York: Holt, Rlnehart 
and Winston, Inc, , 1968)* 
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stance which is adopted is coranon enough to merit detailed scrutiny. 
Relevant aipecte of Jackson's study are now reported and analysed to 
demonstrate the basis on which Jackson -s position is rejected, 

A description of Jackson -s study 

In Life in Classrooms Jackson explores the possibility that the 
institutional constraints of school experience may rank with lesson 
content and psychological characteristics of pupils as highly signif- 
icant factors influencing the educational experience. First a host of 
institutional characteristics which may impinge upon teachers and pupils 
in their classrooms are elaborated. Then pupils' attitudes towary 
school and the Issues of pupil attention and involvement are considered ^ 
in an Impressive combination of sensitive personal insights and relevant 
research. Finally , consideration is given to responses of fifty "good 
teachers" in elementary schools to four questions intended to elicit 
their views of classroom life- 

Jackson reports four themes In his analysis of the teachers' 
responses, "Innaediacy" refers to teachers' tendencies to judge their 
own teaching on the basis of imaediate pupil responses ^ rather than on 
the basis of test results. The theme of "Informality" eKpresses teach- 
ers' views that they are more casual and less formal than teachers of 
earlier times, although they recognize that they remain in authority, 
"Autonomy" expresses teachers* demand for freedom from a totally pre- 
scribed curriculum and from excessive evaluation by outsiders. The 
theme of "individuality" sunmariEes the teachers- indications that 
pupils* moments of individual insight and unenpected achievement provide 
their greatest satisfactions with their work as teachers*^ 

Having simmiariEed the teachers' responses , Jackson moves on to 
consider the relevance of the responses to his theme of the institu- 
tional demands made by the school on those in attendance, Jackson notes 
"an absence of a technical vocabulary" in teachers' conversations. He 
also identifies a "conceptual simplicity" which mmm to have four 



Ibid , . pp, 119-^143. 
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major features i (1) Teachers seem to accept simple eKplanations of 
complex events, and to talk in terms of a -'ona cause-^one effect" view 
of causality* (2) Teachers talk about their teaching activities in 
intuitive rather than rational terras^ defending actions as ''felt" rather 
than "known" to be right • (3) Teachers strongly defend particular 
teaching practices , relying upon personal eKperlance for support* 
(43 Teachers use global terms in narrowly defined ways.^ Finally , 
Jackson speaks of the taacher*s world as having "sharp existential 
boundaries s" limited to concrete experiences with particular students,^ 
Jackson sums up these points metaphorically by suggesting that a "general 
myopia" characterizes "the classroom teacher's intellectual vision,"^ 
All of these points are insightful ^ potentially valuable, and 
worthy of serious consideration ^ particularly in an analysis of teacher 
education. Careful justification is established by numerous references 
to the recorded responses of the teachers to Jackson -s questions ^ which 
were based upon his perspective that the institutional aspects of the 
school may have substantial impact upon teaching and learning In class- 
rooms, i^hat Is unusual in this study Is Jackson's apparent leap to the 
conclusion that these characteristics of teachers* conversations may 
reflect the teachers' efforts to ameliorate the institutional harshness 
of the school* Jackson could be rights but the question is an empirical 
one, not a logical one, Jackson provides no evidence of what happens 
in the classrooms of teachers who are, for eKample, "more rational." 
He does not demonstrate that being more rational Increases Institutional 
harshness or that greater "myopia" produces amelioration of harshness* 
His suggestion is a sharp departure frcm the analytic style of the rest 
of his study J and it seems to Involve the confusion of several Important 
distinctions. 

An analysis of Jackson's claim 

Jackson offers several points in his attempt to link the concep- 
tual simplicity or Intellectual myopia of teachers' conversations to a 



- Ibid. , pp. 143-147. Ibid, , pp, 147'-148. Ibid. , p. 148. 
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coping strategy for lessening the Institution's harshness , for both 

pupils and teachers* Jackson eKprGSses doubt that teachers v/ould do 

better in the classroom if they were more rational and open-minded.^ 

He also sets the rational as an alt ernative to the intuitive, and then 

suggests that the distinction is comparable to that between "an army of 

human engineers" and "our present cadre of elementary school teachers ^ 

2 

with all of their intellectual fuEziness and sticky sentimentality*" 
Jackson appropriately recognizes the "engineering" perspective implicit 
in the behavioral objectives movements which may Indeed reflect a return 
to the "scientific movement" which progressivism sought to supersede* 
Undeniably, the complexity and Iminediacy of classroom teaching make the 
simplifications required for science-like study virtually unattainable 
without loss of relevance* Yet neither of these observations can sup- 
port Jackson's implicit conclusion that the process of acting on intu« 
itlon cannot or should not be developed rationally to the fullest extent 
possible for any teacher. Such a conclusion commits the double error of 
equating "scientific" with "rational'* and "intuitive" with "irrational*" 

This is the error which enables Jackson to adopt a position 
about teacher education so unlike and at odds with the poaitlons ^Kpressed 
by Sarason and his colleagues^ Belmger and Goganj and Scheffler* 
Jackson seems to say that teacher education must avoid any activity 
which might modify a teacher's conceptual simplicity* Apparentlyj a 
teacher's model of teaching should not be developed for fear of destroy- 
ing adaptations which lessen institutional harshness. So castj the 
dilemma Is seductive ^ for few could deny that institutional harshness 
should be minimized. Yet it seems somewhat akin to burying one-s head 
in the sand to suggest that minimizing institutional harshness requires 
the perpetuation of conceptual simplicity and intellectual myopia* 



Jackson has a personal right to such a doubt, but it is a 
personal expression, not an extension of ^ nor warranted by, his study* 
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Jackson does make valuable points during his discussion of hie 
claim. He distliiguishes between "preacCive" and "Interactive" aspects 
of teaching, appropriately noting that the outslde--the-'ClaBaroom phases 
of a teachers 's work can be deliberative^ analytic, and rational ^ while 
a teacher's interaction with pupils seems to proceed on an Intuitive 
basis. This point is extended into a distinction between a teacher's 
"primary" and "ultimate" concerns. To Jacksons not learning but the 
activity being conducted and sustained is the primary concern of the 
intera ctive teacher* Learning is the ultimate concern of a teacher, 
and it is considered when planning teaching activities , during 
preactlve periods. As he develops these and other potentially valuable 
distinctions s Jackson consistently ignores and implicitly denies the pos- 
sibility that a teacher may rationally develop the intuition upon which 
he relies during the Interactive aspects of his work. This is the pos- 
sibility which has been recognised in the arguments of Belanger, Cogan, 
and Schefflerj and explored in the observational seminar conducted by 
Sarason and Blatt, 

Jackson realises only too well that the professional education 
of teachers does not appear to have raised their intuitive ways of 
thinking above the common^sense level which develops during many years 
in the classroom role of learner. To suggest that a beginning teacher 
has a model of teaching is to recognize the role played by intuition. 
To suggest that it can be identified and devaloped for the demands of 
the role of teacher is to take the stance developed, from analyses of 
various eKperlenceSj in the arguments of Sarason * Davidson * and Blatt; 
Balanger and Cogan; and Scheffler. It is to suggest not that a teacher-s 
interactive work can or should be made "scientific," but that the 
intuition he uses is based on prior experience and open to further 
development* The present study proceeds on this interpretation. 

It has been important to note and eKamine Jackson's conclusion 
because his is an easy and sometimes popular position to adopt. In 
Chapter IV, the analysis of the concept of teaching includes refarence 



Ibid, , pp. 151--152, 




to a tendency to simplify compleix issues by stressing one aspect wliich 
requires exclusion of an apparently polar apposite. It is Buch a 
tendancy which Jackson seGms to have followed ^ vjhen it seemed to com- 
plement his main thesis so well, UHien this aspect of Jackson's study 
is so analyzed and removed ^ the remainder of the study can be inter- 
preted as offering further einpirical elaboration of many of the poiutB 
made by Saraaon and his colleagues. 

Styles of Research in Scienqg Education 
The preceding discussion has centered on perspectives on teacher 
education. The second fundamental point of view indicative of the con-- 
text of the study is concerned with styles of research in science educa-- 
tlon* As a prelude to describing the plan and rationale of the research 
procedure of the study ^ it is appropriate to review some of the major 
styles of research previously and currently used in the study of science 
education problems. 

Understandably p research styles are to some extent functions of 
the problems which are identified and of the nature of the area of 
investigation* With educational research in general, science education 
research has shown an Implicit faith in the research styles of science* 
Two general classes of research styles can be recogniEed' observation 
studies and achievement studies. In a manner not unlike that of natural 
history, many studies have been devoted to the systematic collection and 
classification of observations, opinions, and descriptive Information, 
Seemingly in the hope that educational research might achieve some of 
the capacity science has developed for eKplanationj prediction^ and 
control of phenomena i many studies have sought to establish cause-effect " 
linkages to pupils' achievement of science education objectives. 

Two styles of research are identifiable within each of the two 
classes* Within the observation class, there are studies recording 
Instructional events and studies reporting program organisations and 
enrallments. Within the achievement class, some studies seek corrcla- 
tlgns between classroom characteristics or events and pupil achievement, 
while others compare pupil achievement obtained by alternative methods. 
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Each of the four styles has been applied to both sQlence teaching and 
science teacher educationp Most of the examples used here for illus- 
tration are studies related to science teacher education* ^ 



Observation s tudles 

The two research styles within the class of observation studies 
represent different levels of asking the question, "What are the current 
practices (or attitudes)?" One style focuses on the recording of events 
in instructional settings; the other, sometimes referred to as the 
"status" study, focuses on how programs of instruction are organized. 

The decade from 1960 to 1970 produced a large number of schemes 
for classroom observation, as part of a wave of interest in the record- 
ing of actual teaching and learning behaviors. Observation schemes 
provide sets of categories related to subject-matter content ^ Instruc-- 
tional techniques, or both; events are recorded in terms of the catego- 
ries in a scheme* Rosenshine and Furst report that more than four 

2 

hundred schemes for observation have been developed* Collections of 



For a discussion of studies of science Instruction using dis- 
tinctions similar to those used here^ one may consult A* Hugh Munby^ 
"The Provision >Iade for Selected Intellectual Consequences by Science 
Teaching I Derivation and Application of an Analytical Scheme*" 

Two issues of the Review of Educa tion Research (XXXI? [June^ 
1964] and XXXIX [October^ 1969] were devoted to science education. 
The classifications of research developed here can be applied to the 
many studies reported in those issues , which also Illustrate other 
classifications, related more to nature of findings than style of re- 
search. 

An extensive historical overview of science education research 
is available in the "Curtis Digests of Investigations in the Teaching of 
Science," by Francis D. Curtis^ with sequels by Robert W, Boenigs 
J, Nathan Swifts and Elizabeth Phelan Lawlor. Teachers College Press 
published the sequels (1938 to 1957) in 1969 and 1970^ and reprinted the 
original three digests by Curtis (research up to 1937) in 1971, 

2 

Barak Rosenshine and Norma Furst , "Research on Teacher Perfor- 
mancG Criteria," in B, 0, Smith (ed,)^ Research on Teacher Fducationi 
A Symposium (Englewood Cliffs, New JerseyV Prentices-Hail, Inc. , 1971), 
p. 56, 
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observation Instruinents have been published under the titles Mirrors 
fbr^ghavlQr 

Any observntion schema is limited by the theoretical considera- 
tions from which its categorios were doveloped, and a single schaiiie can 

consider only a sinall number of potential outcomes or types of behavior. 

2 3 
Molchen used Flanders' scheme of ^'Interaction Analysis*' to compare 

4 

groups of science teacher candidates* Hough and Amidon used the same 
scheme to permit teacher candidates to obtain feedback about their 
Initial teaching behaviors* In these instanceSj observation schemes 
have been used to observe behaviors during teaching practice rather than 
to observe events in classes in which teacher candidates are enrolled. 

The style of the status study has been applied to a wide range 
of questions about science education^ from opinions about the signifi- 
cance of various objectives to descriptions of curriculum organization » 

Here it is relevant to note that one issue of the Journal of Research 

5 

_ jpj-g^^ g^Q_l'%^chlng reported descriptions of a number of programs for 
education of secondary-^school science teachers in the United States* 



See Anita Simon and E* Gil Boyer (eds.)* Mlicrqra fjor Behavior 
^11 (Wyncotej Pa* i Communication Materials Center, 1974] • 

2 

Kenneth J* Molchen^ "A Study of Changes in Intentions ^ Percep- 
tions and Classroom Verbal Behaviors of Science Interns and Apprentices" 
Cunpublished Ed,D, disaertation. Harvard University, 1967)* 

3 

Flanders- instrument is one of the earliest and most widely 
known achemes for classroom observation. See Ned A. FlandarSj Analysing 
Teaching Behavior (Reading, Mass, ^ Addison-Wesley Publishing Company, 
Inc* ,1970)* 

4 

John B. Hough and Edmund Amidon, "Behavioral Change in Student 
Teachers,*' in Edmund Araldon and John B. Hough Ceds*), Iiiteraction 
Ana ly s Isj^^^ieo ry , Re sear ch , an d Aj pi 1 c at Ion (Reading, Mass* i Addison-^ 
Wesley Publishing Company, 19673 , pp. 307--314* 

^Journal of Re search in Science Teaching, 111 2 (1965) * 
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More recently, the Association for the Education of Teachers in Science 
has collected similar infortnatlon. ^ 

2 

The Research on Scienca Education Survey , conducted in 1967 

and 1968^ is a comprehensive status study o£ characteristics of science 

teacher education in the United States, T^m findings of this survey 

should be noted for their relevance to the present study* By means of 

an optn-ended question^ M effort was TOade to dstermlne what attributes 

and qualities of a science teacher are regarded as essential ^ by those 

who teach science methods courses and by those who enroll in such 

courses* T^lle there was considerable agreement between thh two groups ^ 

there were some differences* The students gave less emphasis to "under^ 

standing the nature of science^" "command of pedagogical techniques 

and ''related teaching skills^'* and more emphasis to "love for science 

3 

and teaching" and "desirable personality qualities." The teacher 

candidates appear to attach more aigniflcance to attitudes and attributes 

and less significance to skills and understandingi* 

Another relevant point concerns the "inquiry teaching style" 

often associated with the "new" science courses of the 1960 -s* Almost 

all inethods course Instructors eKpressed enthusiasm for this styles and 

their students appeared to have recognised the high value their 

, 4 

instructors were attaching to inquiry teaching* These results give 
some Indication of how views of science and skills of teaching are 
regarded by science methods course Instructors and science teacher 
candidates, 

Aghl jvemen t studies 

T%m styles of research belong to the class of achievement 
studies in the literature of science education. One seeks to establish 



AETS Publications Conmitteej 1972-73 ^ In Search of Promising 
Practices in Science Teacbey Education (Colufflbus, Ohloi ERIC 
Infonnation Analysis Center for Science^ Mathematlas, and Environ- 
mental Education, 1973)* 

2 

David E» Newton and Fletcher G. Watson, The Research on Science 
Educati on Survey (Cambridge^ Mass,: Harvard University Graduate School 
of Education^ 1968) . 

3 4 
Ibid * a pp, v--vl* Ibid* , vlll* 
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correlations between classroom characteristics or events and pupil 

achievement p while the other seeks to determine which of two instruc-- 

tional TOethods produces more of a desired result. 

Smith has edited papers from a symposium cm Research in Teacher 

Education providing an up'-to--date assessment of efforts to correlate 

teachers' behaviors with pupils' achievements, for the purpose of 

improving teacher education. The included paper by Rosenshine and 
2 

Furst gives particular attention to "process-^product studies which 

seek significant correlations between observed teacher behavior and 

ineasured pupil achievement* There Is a long list of characteristics of 

teacher behavior which have resisted efforts to establish relationships 

with pupil achievement* Rosenshine and Furst report on eleven cat©-- 

gorles of studies t^hlch suggest that variation may produce differences 

in achievement. The five variables strongly supported by the studies 

reviewed are "clarity," "variability 5" "enthuslasnii " "task=oriented 

and/or businesslike behaviors," and "student opportunity to learn 

3 

criterion material." Rosenshine and Furst raake suggestions for 

Improving this type of research, to achieve more definitive results. 

Characteristics of the personalities and academic backgrounds 

of teachers have been studied in similar fashion, again without clear 

results. A study by Perkes illustrates application of this research 

4 

style to science teachers p Science teacher behaviors regarded as 

teaeher^oriented correlated positively with factual recall by puplla. 



■^B* 0. Smith (ed.). Research on Teacher Educationi A Symposium , 

Barak Rosenshine and Norma Purst, "Research on Teacher Perfor- 
mance Criteria," in B* 0* Smith (edO* Research on Teacher Education i 
A Symposium , pp* 37--72. 

3^^ * , » pp. 42-55, 




Victor A. Perkes, "Junior High School Science Teacher Prepara- 
tion, Teaching Behavior and Student Achievement," journal of Research 
In Science Teaching ^ V (1967=1968), 121-126. 
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while behaviors regarded as pupll-orlentad correlated positively with 
application and intfirpretation by pupils. Three characteristics of 
backgrounds of science teachers showed positive correlation with 
application and interpretation* T^^o characteristics correlated 
positively with pupil'-oriented teacher behaviors and one characteristic 
correlated positively with teacher^oriented behavior* 

Like xnany studies conducted in this style ^ Perkes' study raises 
more questions that it answers, A host of potentially relevant vari- 
ables are xneasured^ and every significant correlation raises the 
question of how tha linkage can be eKplained so that a general rule can 
be developed and tested. Until that further stage is reached, the 
results of such studies are very difficult to apply to the education , 
hiring, and supervision of science teachers. 

A second style in the achievement class attempts to show that 

one method of instruction, to science students or to science teachers ^ 

produces a desired result more quickly or effectively than another 

12 

method. Studies by George and Menzel are Illustrative, In this style^ 
significant differences tend to be elusive* A more substantial problem 
is ensuring that methods are carried out as planned* If one has that 
confidence and obtains significant differences between methods , one 
must address the questions of whether teachers can and will change their 
teaching behaviors accprdlngly* 

An alternative research style 

Each of the four styles, whether of the observation or the 
achievement variety^ has significant strengths and limitations* some of 



Kenneth George, "The Effect of BSCS and Conventional Biology 
on Critical Thinkings" Journal of Research in Science Teaching, III 
(1965)^ 293--299, 

^Ervin \h Menzel, "A Study of Preservice Elementary Teacher 
Education in Two Processes of Science" (unpublished Ed.D. dissertation^ 
Temple University^ 1968). 
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\^hlch aire apparent in the procoding discussion. None of these stylos 
is well suited to the problem being addressed In this study. Here a 
fifth styla of science education research la used, one which has been 
used in a small number of studies described later in this chapter* 

mxy is an alternative research style necessary? A research 
style detemines the kinds of results one obtains. Observation studies 
can be viewed as simply providing data, AGhieveinent studies can be 
viewed as providing data from which science education theories could be 
developed, but this ultimate goal has eluded researchers. The present 
style seeks an Intertnediate goal of "theoretical perspectives" which 
can be used to analyze science education phenomena in systematic fashion. 
The process begins with the identification of important issues related 
to science education. By philosophical analysis, systematic theoretical 
perspectives are developed for understanding those issues. Then an 
analytical scheTne is developed, to translate the perspectives Into the 
context of practice. Finally, the analytical scheme is applied to 
achieve the desired analysis of phenomena. 

This style of research recognizes the important role which con- 
ceptuallMtion plays in observation, interpretation, and decision'-making 
related to phenomena of education. Where formal disciplines have 
developed theories, the practical discipline of education has not. 
Theoretical perspectives on practical issues have some of the advantages 
of theory, yet they can be made relevant to practice. Research of this 
type provides results which are not limited to the problem for which 
they were developed. The results represent a conceptual basis for 
empirical research and a new point of view of potential value in the 
conduct of education. 

The study by Sarason, Davidson, and Blatt may be interpreted 
as an example of research In this style, although it is outside the 
field of science education. Sarason and his colleagues were concerned 
with teachers as practitioners of educational psychology. The theoratlcal 



"Sarason, Davidson, and Blatt, The Prepa ration of Teachers. 
See pages 26--28 of this study, 
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perspective .7hlch thoy develop uses psychological riither than philo- 
sophical malysi.. I'hey Identify throe roles which, on psycholosical 
grounds, to^chors nay be e«pecf d to parfori,, in bringing about producfclve 
learning, the disclnsuishlug featuroa of tha«a rol.s ™ay be regarded as 
their analytical scha™. In the account of a classroom day, th<ay 
demoastrato that their E^chome can be applied to teachara' claasroom 
baha^^lors. In the raport of the observational seminar, they ahow the 
power of the scheme to suggest altarnative teacher education practice^. 
Tha invastlgatora note that they have provided a basis for empirical 
research related to the actual achievement of productive learning by 
pupils* 

It should be understood that this atyla of research Is not an 
eatlrely ne« one, but that it represents an aLternatlve to familiar 
styles of research in science education. The description of familiar 
styles helps to expla^in ,^hy an alternative format has bean chosen, to 
begin an inquiry into the question of ho,, science teacher education 
influences views of science and teaching. To simply obsarva science 
teacher education, or to study changes in views of science and teaching, 
»ould leave one uncertain about how one's program achieved whatever 
Influance it had. Theoretical perspectives can make a link between 
prograoi and change, at the level of provision n.ada for influence. The 
derived analytical acheme can eulde program planning and observation. 
A basis is established for subsequent empirical research on actual 
changes, 

^ecenOggearch Developing Theoretical Perspectives 
on Science Education P'banoniena ' ' 

Consideration has been given to rationales and programs of 
science instruction and teacher education and to styles of research 
lato Issues and probleins associated with those programs. The present 
stndy has been identified as one which develops theoietlcal perspectives 
on the nature of science and the concept of teaching, and constructs a 
schema for analyzing the content and structure of arguments made m 
science teacher education programs. The research problem and forroat 
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ai'o consistont with a pGrspcactive on toriclior Gclucatlon which recogni?.es 
tho QxistGnce and signiflaance of a tGacher^s ''model of teachings" of 
which views of science and tenching are bnBic clcnients. 

It the purpose of this final section of the chaptGT to 
completG the analysis of the study background and context by reviewing 
recent research In tha style of devslopiiig theorcitlGal perspectives 
relevant to pxacticeB of scierice Gducatlon* Seven studies have been 
selocted for eKamination] five yield analytical schemes applicable to 
science instruction^ while the remaititng two yield schemes applicatle 
to science te^itbooks* 

Studies related to 
ecience Instruc t ion 

of the studies which focus on science instxuction v^ere con-- 

ducted by Hunby. In the first, ^ he develops and applies an analytical 

scheme based on Scheffler's analysis of three "'philosophical models of 
2 

teaching." The study serves to make Scheffler's analysis specifically 

relevant to the teaching of science and to indicata hot^ one may niDve 

froin the theoxetical level of Scheffler's modelB to the practical laval 

3 

of particular teaching acts* In his second study ^ Munby develops and 
applies an analytical scheme based on theoretical perspectives on the 
nature of scienca and the establiBhment of scientific Icno^^ledga claims. 
Ha shows that it is possible to detect whether sciance instruction makes 
provision for pupils to develop a ''realist" or an "instrumentalist" viet^ 



k* Hugh Munby, "The Use of Three Philosophical Models of 
Teaching to Analyse Selected Science LessoriQ®- (unpublished W,A* thesis^ 
University of roronto, 1969). 

Israel Schefflers "Philosophical Models of Teachings" Harvard 
Educati onal Revlaw ^ XXXV (Springy 1965) ^ 131--143* This paper is dis- 
cussed in Chapter IV^ in the developtnent of theoretical perspectives on 
the concept of teaching - 

\. Hugh Munby, "The Provision Made for Selected Intellectual 
ConsequGnces by Science Teachlngi Derivation and Application of an 
Analytical Scheine," 
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of the natura of science and whethir that Instruction makes provision 
for pupils' 'Iritellectual independence" or ''intellaotual dependence'' 
t^ith respect Co kiiowledge claima. The stuiy makes It possible to 
arialyze science instruction for these two Important potential conse- 
quences for pLipils studying science. Wunby's ;^nalytical scheme has 
been formulated as a Sijheme of obsarvation, and is Included in Mirror a 
for Behavior III. ^ 

The remaliilng three studiea developing analytical schiffies 
relevant to science Instruction we^e conducted by PrusiOp Finegold, and 

the present lni;estlgator . In a study of epistamologlcal features of 
2 

science teaching^ Jrueso derives an analyCical scheme with three 

eplstemological dimensions and five categories of scientific statements, 

He then demonstrates that the scheme can be used to assess the discussion 

of knowledge clainis by teacher and pupils in science lessons. The result 

is that the theoretical perspectives used to construct the analytical 

schenie may be brought to bear on the teaching of science, 

Finegold has conducted an elaborate Investigation of a specific 

3 

kind of science instruction^ referrpd to as -'enquiry into enquiry** 
because its goal is the recovery of yeaning from original reports of 
scientific research. The main result of rinegold's study is an 
analytical scheme which can be used to describe and evaluate the sticcess 
of enquiry discussion. Among the theoretical perspectives used in tha 
study Is that of Schwab on the natute of scientific enquiry*^ Flnegold*s 

"A, Hugh Munby, "Munby ByBtm," in Anita Simon and E, Gil Boyar 
Cede.) 5 Mirrors for Behavior III , pp, 441--4S2. 

2 

Kenneth PrussOp "The Development of a Scheme for Analysing 
and Describing the Eplstemological Criteria Adhered to in Secondary 
School Natural Science Classroom Conmunlcatlon" (mpubllshed Ed<D. 
dissertation^ rample University , 1972). 

3 

Menahein Finegold, "The Character of Classroom Discussion of 
Original Research Beports as a Mode of Instruction In Physics" 
(unpublished Ph.D. dissertation. University of Toronto, 1974). 
4 

J. J, Sch^ab^ "What Do Scientists Do?" Behavioral Science^ V 
(January, 1960), 1-27* 
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study demon strcitGs the application of the anolytical scheme to tran- 
scriptions of the particular type of science instruction for which it 
is designed. 

The present investigator has conductod a study of the attitude 
totrard authority which tiiay ba suggested by a sclencG teacher's conduct 

of an argument.^ Theoretical perspectives of Peters (on authority in 

2 3 
education) and TouLmin (on the pattern of arguments) are used to 

develop a scheme for analysing argunients involving the acceptariGe or 

application of a scientific Xbl^u It is denionstrated that the scheme 

may be used to determine whether an argument could suggest to pupils a 

traditional or a rational attitude toward authority. 

jtudle s related to Bc leiice 
teaching mate rials 

Ti^o studies by Kilbourn have produced analytical schemes rele-- 

4 

vant to science teaching materials. In the firsts eplstemologicai 
perspectives are used to formulate a scheme for studying the scientific 
knowledge claims presented to pupils in textbooks. Application of the 
scheine to part of one science textbook shows that the scheme is workabl 
and sheds light on the difficulties students experience in reading 
textbooks* 



Thomas Russell, '"Toi-^ard Understanding the Use of Argurnent 
and Authority in Science Teachlngj" Background Paper No* 7 for the 
EKplanatory Modes Project (TDrontD: The Ontario Institute for Studies 
In Education^ Departinent of Currlculuinj 1973) - 

2 

R, S* Paters, E t h 1 c a nd_ j d u c at i 0 n (Londoni George Allen ^ 

Unvln Ltd*, 1966)5 pp. 237-^265* This perspective is discussed in 
Chapter IV, 

3 

Stephen Toulirdrij Tng^ Uses of Argument (Cambridge: Cainbridge 
University Press, 1958) > pp* 94^145* This perBpective is discussed in 
Chapter V. 

4 

Brent Kilbourn, '^Analy^lng the Basis for Knowledge Glaiins in 
Science Textbooks! A llethod and a Case Study, " Background Paper No* 6 
for the Explanatory Wodeg Project (Toronto i The Ontario Institute for 
Studies In Education^ Department of Curriculum^ 1971) i 
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In his second sCudy, Kilbourn uscb the idea of world view to 
addrGSs tlie science educator's uadGrsUandablo concerns with various 
''anti-sciGncG" movements. From Pepper's thoorotical perspcictivG based 
on the concept "world hypotheses he derives an analytical scheme for 
recognizing messa^^es about world views which teaching moterials project 
to pupils. Kilbourn demonstraten the applicability of his scheinc by 
analyzing a biology teKtbook. 

Sununarj 

In each of the seven studies 5 questions of science education 
practice are addressed by borrowing and/or developing relevant theoret- 
ical perspectives for the purpose of creating and applying to practice 

3 

an analytical scheme, Epistemology and various aspects of the nature 
of science are the dominant concerns* Each analytical scheiiie makes it 
possible to analyze science Instruction or science teaching materials 
in terros of significant learner outcomes. As many of the investlgatDrs 
have noted in their studies, the schemes also have significant 
implications for science teacher education. Each scheme provides a 
basis for the developinent of particular aspects of a science teacher's 
"model" of teaching. 



Brent Kilbourn^ "Identifying World Views Projected by Science 
Teaching Materials i A Case Study Using Pepper's World Hypothe ses to 
Analyze a Biology TeKtbook" (unpublished Ph.D. diesertatlonj University 
of Toronto, 1974). 

2 

Stephen C. Pepper ^ World Hypotheses: A Study in Evidence 
(Berkeley^ University of California Press ^ 1942), 

3 

The descriptions of the studies are intentionally brief. More 
complete descriptions of most of these studies are available in a recenc 
paper which describes this research style within the context of debates 
about how science education research should be conducted. See Douglas 
A, Roberts and Thomas L, Russell^ "An Alternative Approach to Science 
Education lesearchf Drawing from Philosophical Analysis to Examine 
Practice ^" Curricu lum Theory Network, V, 2 (1975)^ 107^125, 
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The preacint study may be viQwed as a cllrGct GxtGnslou of this 
type of science edunation research to specific aspects of science 
teacher aducation. The study nssoinbles additional thGoretical perspec- 
tiveH on the nature of science, and the concept of teachingj in order to 
develop an analytical scheme directly applicable to science teacher 
education programs. Application of the schcmci to excerpts from science 
methods textbooks demonstrates how the theoretical perspectives may be 
brought to bear on one aspect of science teacher education practice. 
Thus the study continues a productive line of research and extends its 
application within the domain of science education » 
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CHAPTER III 

ANALYSIS OF THREE PERSPECTIVES 
ON THE NATURE OF SCIENCE 

Introduction 

This chapter and the next present , in two stages^ the development 
of an analytical scheme for arguments about how and why science should 
be taught to children* Dimensions relevant to the nature of science are 
developed in this chapter; those relevant to the concept of teaching are 
developed in Chapter IV. The present chapter describes and analyges 
three interpretations of science developed by Rudolf Carnap, Karl Popper^ 
and Thonias Kuhn. This introduction explains how the interpretations were 
selected and how they are to be analyged. 



Sel ection of interpretations 
of science 

The nature of science can be explored in a number of ways^ and 
several alternatives have been considered in planning the argument which 
follot^s. Although philosophy of science has a relatively short history 
as a distinct branch of philosophy, concepts and issues treated by 
philosophers of science have a long and detailed history eKtending back 
at least as far as the writings of Plato and Aristotle* For present 
purposes s it is not necessary to survey that entire history. 

Some analyses of science examine a selection of current issues 
and positions in the course of arguing for the acceptance of one 
particular position as an adequate basis for understanding science.^ 



Two examples are Stephen Toulmln, The Philosophy of Science: An 
Introduction (New Yorki Harper & Row, 1960) and Harre , The Phllos- 
cphles of Science i An Introductory Survey (Londoni Oxford University" 
Press, 1972). 
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From perBoiial experiences of eKamiuing tho nature of science and from 

experiences of working v/ith taachars who werm studying the nature of 

science, the investigator has developGcl a profsrence for original 

interprGtations of science* These provide firstHiand evidence and, in 

the long run^ thciy Haam to pruduce less "philDSophlcal confusion" among 

individuals who have not had cxtensiva training In philosophy* 

Significant developments in the early liistory of modern science 

are associated with the names of Copernicus , Galileo^ and Newton. The 

work of Newton in particular came to dominate western thought to the 

extent that we now speak of the surviving influences of the ''Newtonian 

worldvlew." E. A. Burtt. who has traced in detail the development of 

the Tnetaphyaicai assumptions of that worldviewj gives the following 

assessment of its central issues. 

We have observed that the heart of the new scientific meta-- 
physics is to be found in the ascription of ultimate reality and 
causal efficacy to the world of mathematics , which world Is iden'- 
tified with the realm of material bodies moving in space and tiine. 
Expressed somewhat more fully , three essential points are to be 
distinguished in the transformation which issued In the victory of 
this metaphysical view; there is a change in the prevailing con-^ 
ception (1) of realityj (2) of causality^ and (3) of the human 
mind . 

At the turn of the century several new developments j priinarily 

associated with logic and with physics , generated effective challenges 

to the view of science derived from the then-unquestioned Newtonian per-- 

spective. One of the most famous and fundamental challenges was begun 

by Einstein in his 1905 paper which presented the special theory of 
* * 2 

relativity* New accounts of the nature of science have been developed 
in the wake of those challenges, i^ong the most significant are the 
three accounts of science which have been selected for exaiaination in 

1 , 

Edwin A* Burttj The Metaphysical Foun dat ions of Mod ern Science 
(Garden City^ N.Y.: Doubleday & Company , Inc*, 1954), p. 303* ~ 

2 

Albert Einstein^ "On the Electrodynamics of Moving Bodies," in 
IL A* Lorentz ct al. , The Principle of Relativity (New York: Dover 
Publications, Inc, 1923) r pp^ S?--^?!. " ~ 
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this study. These are Carnnp's The log leal Striiaturc! of the Wor ld,'*' 
Popper's The L o gic of^ ScU n^U.fjj: JDlscc^ nnd Kuhn's Thg Structu ro of 
Sci^e nt 1 f RevQ3^tlQns> Considaration of thraD accounts providGH Bonia 
assurance of breadth while amplmslzing that the intGrprGtatlon of 
science is not limited either to per fac ting one account or to determine 
ing which of two alternatives is correct. 



The c on c e p t of a J ' ca te go rial 
framgwork" as a basis for analysis 

Stcphan Kornor's concept of a "catcoorial framework"^* has buen 

selected as a common basis for analysis of the three accounts of science* 

The need for such a perspective to facilitate systematic comparison of 

the accounts Is illustrated by an issue froni the analysis which follows. 

To the question of how science may be demarcated from non-sclancej Carnap 

raplles that scientific statements are verifiable, v;hile Popper argues 

that scientific statements are falsiflahle. Kuhn^s answer is that 

scientists engage in solving puzEles which are identified in terms of the 

disciplinary matrix shared by a C0i7iinunity of scientists. Each of these 

assertions belongs to an internally cDnsistent account of the nature of 

sciences yet they are obvious 1)^ differGnt. 

"liJhich of these replies is true?-- is a fruitless , if not absurd, 

question* Yet the differences are clears and they invite and demand 

further analysis. Tlie investigator has considered constructing an 

original scheme for comparing the accounts^ but has selected Korner's 

concept for its generality and its appropriateness to analysis of 



Rudolf Carnap 3 The Logical Struct ure of th a_ World & Fseudoprob- 
lea^'iTi Philoaoph^^ trans, by"^ Rolf A/ George (Berkeley: University oT ' 
California Press^ 1969)* 

2 

Karl R* Popper ^ The Logic of Scientific Discovery (2nd Harper 
Torchbook edition; New Yorki Harper & Row^ Publishers ^ 1968), 

3 

Thomas S, Kuhn^ The Structure of Sc ient ific Revolutions C2nd ed. ^ 
enlarged; Chicago: The University of Clilcago Press^, 1970)V 

4 

Stephan Korner^ Categorlal Franieworks (Oxfords Basil Blackwell^ 

1970) • 
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philosophical and moLaphyBical arguments. In particular, analysis In 

tGrms of categorifil frameworks can deal with the fact that ataCcmenta 

which seem unquestionable in one cDntext become vulnerable to many 

forms of critlcisni in other contexts. In his very systematic analysis , 

Korner uses the ternis "incorrigible'^ and ^'corriglblo" to refer to this 

difference. Part of Korner's rationale for developing the ^'categorial 

framework" concept is indicated in the follov/ing statement. 

Becaus© of a natural Inclination Co elevate the peculiarities of 
one's own thinking into universal characteristics of all rational 
thought, philosophers tend to regard categorial frameworks as only 
apparently different and as reducible to a common standard type. 
If we are to avoid the distortions resulting from this point of 
view we must try to understand the sense in which, and the eKtent 
to v/hichj the propasiHonQ md MsHnaHon& which ara ohamateHstia 
of a aategorial frmmox^k mm inoorrigiblm if viewed fi'om th© i7wide 
and corrigiblm if viewed from the outsidB of it, 

Korner's concept of a categorial framework serves to make 
explicit the existential and logical assumptions which an individual is 
likely to regard as unquestionabla. It is used for that purpose in the 
follQwing presentations of accounts of science developed by Carnap, 
Popper, and Kuhn, Accordingly, the first section of the chapter presents 
a summary of the argument in Komer's book, Categorial Framework^. 

Korner\B Concept of a Categorial Framev^o rk 
Overvlevi; of the aKgumgnt 

Korner's argument develops and demonstrates the thesis that an 
individual's categorization of experience has significant ralatlonships 
to his metaphysical beliefs and his explanatory standards. The opening 
lines of the preface speak clearly to this point. 

Tiie manner in which a person classifies the objects of his 
eKperlence into highest classes or categories, the standards of 
intelligibility which he applies, and the metaphysical beliefs which 
he holds are Intimately related. To give an obvious eKampla, the 
employment of the category of causally determined events, the demand 
that all or some explanations be causal, and the belief that nature 
Is at least partly a deterministic system so involve each other that 
tliey are either all present in a person's thinking or else all absent 



tbld, , p, 14. Italics added. 
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from it. CroupB of persons, socle tlGs, and wholci civillgations 
eKhlbit, in so far ns they can be said to think, a similar 
carrelation betwaen their categarlGs, staiidarda of InUGlliglbility 
and mGdaphyslcal bealiefs* 

It Is necessary to follow Korner's text closaly bQcausa a number 
of specialized tarms are introduced^ based on considerations familiar to 
students of philoBophy, In this overview of the argument ^ some of the 
terms are introduced and discussed very briefly. Furuher details are 
provicled in the discussion of each step in the argument. 

Korner begins by explaining the basic elements of a categorlal 
£ rame^^ork: 

1. -'Highest categories" (or "maximal kinds") of objects of 
experience, Faniiliar examples from philosophy are "minds j" -'bodieB," 
and "physical events," 

2, "Constitutive" and "individuating" principles associated 
with the hi^est categories (maKimal kinds). These principles serve to 
make a classification explicit by indicating critical attributes of 
particulars of a maximal kind. For example ^ Newton's principle of 
inertia expresses a "constitutive" attribute of particulars of the 
maximal kind, "material objects," "Being a material object logically 
implies being capable of moving , . . with uniform speed in a straight 
line,"^ 

3* The underlying logic of an. individual's thinking, according 
to lahich the logical validity of propositions is determined, "Classical" 
logic is the moBt familiar^ but other logics are possibla. 

Kr3rner's second step is consideration of differences bet^^ean 
perspectives "internal" and "external" to a categorlal framework. He 
argues that the "constltutlva" and "individuating" principles of a frame- 
work are Internally but not externally "incorrigible," 

The final step in the argument establishes the "intimate 
relationship" mentioned in the opening sentence of the preface, quoted 
above, Korner argues that the "constitutive" and "individuating" prlftcl- 
pies of a categorlal framework are mstaphysiaal principles, which also 



"Korner 5 Categorlal Fram eworks , p, ix, 
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function as taudnrds oE inLiGllLglbiiXuy , or axplunatLon, for Lha 
incllvldnul liQldiiig the Cramov/ork* TIicmIj rDflQcting back on hia arguiiicnt, 
Roraor considers the important topic of catcaorial clmngGj and diwcuHHaf^ 
tha infiuenca uf philoHoplilcal argumcuiL on ouch chnnge/"'' 

L.^- - A'^^iL'^^^ j_fi=^L Q ii i ^ i f a ni 0 w o i; Ic 

Korner spccifiQS precisely Uhe clemsntr^ included in a *'catcgorXal 

framework.'' Each uf the three Dlements rc-quircrs seiparatG discussion* 

To indicate a thinker 'b categorial framewurk is to make cKplicit 
(i) his catogori^ation of objects , (ii) the constitutive and 
indivXduatin/j principles associated with the maKimal kinds of 
his categorization, (iii) the logic underlying his thinking.^ 

CcitegoriKntion of objects 

The term "categorization" is used in the special sense of the 
"higher levrels of a total classification set out tn a series of partl^ 
tions which acknowledge or r^-ject two distinctions. The first is 
between particulars and attrtbutes: particulars are '■logically ultimate" 
objects which have, but are not themselves ^ characteristics. The second 
distinction is between independent and dependent particulars or attri- 
butes* independent objects are "ontologically fundamental ^ eKlstlng 

f 3 
"apart from and independently of other objects*"" 



In working one's way into Korner "s terminology and through his 
argument J it may be helpful to recall the context daveloped by the 
din cuss ion of new pers pact Ives on teacher education j in Qiapter II* 
There are significant parallals between "model of teachiL^g" and ''cate- 
gorial fraii:ework^" although it is not possible to aKplore the parallels 
in this study. The broad intuitive notion of a "model of teaching 
sketched by Belanger and Cogans may correspond directly to Korner 's 
carefully developed concept of a '-categorial framework,'' Sarason and 
his colleagues focused on the selective nature of obsArvatiun and 
Interpretation J and this selectivity might be analyzed in terms of the 
atatements an individual regards as "internally Incorriglhle . " Also^ 
Scheffler's conclusion about the value of philosophical perspectives 
on the subject one teaches seems to correspond to KBrner's point that 
philosophical argument contributes to the clarification of categorial 
f ramaworks, 

2 

Korner 5 Categorial FramewarlcS g p. 10. 
^Ibld, , pp, 2-6, 
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KSrnar mentions the example of a categorization of objects which 
takes "minds" md "bodies" as particulars* Both may be regarded as 
indepandent particulars, either may be regarded as independent and the 
other as dependent , or both may be taken to be dependent particulars 
(with some other particular [s] taken to be independent).^ 

Logically, these two distinctions can generate four classes, 
although "empty" classes are possible in a categorigaLian of objects. 
Any of the classes may or may not be partitioned into two or more 
"maKimal classes," or "maKimal kinds," Korner's primary interest ia in 
the various possible maximal kinds of particulars i whether they are 
independent or dependent particulars is a secondary interest. 

Constitutive arid individuating 
principles 

In the following pesaagej Rorner distinguishes between constitu= 

tive and individuating attributes of maxiraal kinds of particulMS, He 

also indicates that they function to make axplicit the principles by 

which a person makes categorizations. 

Frequently j - , * ^ theee instinctive classifications and identifica- 
tions can be made more explicit, especially by indicating (a) attri-- 
butes which characterize a particular as a member of a maKlmal kind 
and (b) attributes which characterize a particular which is a merriber 
of a maximal kind as a distinct. Individual member of it. In accor-- 
dance with traditional usage^or at least without grossly violating 
it"the former actributes will be called 'constitutive' and the 
latter ' individuating' , - 

5 

For example^ the proposition that dogs have immortal souls 
implies that having m immortal soul is a constitutive attribute of the 
maKimal kind, "animals*" For the maximal kind, "physical objects/' 
location in apace and time would be an individuating attribute, A 
constitutive or individuating principle is a proposition the assertion 

1 2 
Ibid, » p, 5, Ibid , , p, 4. 

^Ibid., pp, 5-^6* ^Ibld . , p, 7, 

^The examples are Korner'Si 
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of. which asserts that a cQrtain attribute is Githar constitutive or 
individuating for the particalars of a maximal klnd.^ 

Underlying logic 

Finally s the utiderlying logic of a catQgorial framework is that 
logic i^ith respect to which the logical validity of propositions is 
dGtcrminedj including the logical implications applied in a catecori^^a-^ 
tion of objncts into maKimai kinds. Just as therc2 are many actual and 
yo^ sible categor l:^ations and associated categorial principlosj so there 
are many possible logics. Classical logic is the most familiar. 
"Constructiva*' logic admits propositions whos© truth-value (true or 

false) is indefinite, Korner also discusses "extensions*' of those logics 

2 

to admit inexact as wall as exact attributes. Korner formally examines 

these logics in his appendix^ "Some logical systems."^ 

Before examining argutnents in which the ■■categorial framework" 

concept is put to use, it should be noted that Korner makes explicit an 

important point: "To employ a categorial framework" does not mean 

"... to be explicitly and continually aware of the distinctions and 

assumptions to which the term 'categorial framaworkV refers J-^" The 

distinctions may not be as decinite as his definitions suggestj they may 

be changed, and it may even be possible to think without using a 

5 

categorial framework. 

Categorial frame ^forkg^ 
and incor rigibility 

As mentioned earlier, "incorcigibility" is an Impo ant issue for 
Korner, Strictiy speaking, a proposition Is "incorrlgl^ with respect 
to a categorial fraraework if rGjeaHon of th& propositian aonBHtutm& 
c^andomnBnt of th^ frmewopk. "Internal" incorrigibility, or incor^ 
rigibility with respect to one pm'tiaulai^ categorial framework^ may be 



Corner, Categorial Frameworks , p. 7. 

2 % 
Ibid,, pp, 8-10* -Ibid> , pp. 75-81, 

4 5 
IbM*» P* 12. Ibid - f pp. 12-^13. 
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dlstlngulslied from ""external" incorrigibility, or Incorrigibility with 
respact to my aatuat ax^ poasiblm fra»work. The distttictlon is of 
fuadameiital Importaace for KornGrj who argues consistently that tnternal 
incorrigibility does not imply external incorrigibility,^ 

Korner uses the *'doga have immortal souls" exaniple to illustrate 
the distlriction. If the propositioris cliaracterizing a categorial frames- 
work ("inGorrlgibly eKistentlal" and "incorrigibly logical" propositions, 
as da fined below) logically imply that dogs have Inunortal eoiilSj then 
that framework lacludes a maxlmiil kind *^animals" with a constitutive 
attrituta "having an tiOTortal soul*" The eKternal aox^Hgibitity of the 
iriternally Incorrigible proposition "Dogs have Immortal souls" Is 
demonstrated by preseiiting another categorial framework i^rhose character-- 
i^ing propositions do not imply that dogs have Immortal souls* The 
divergence between the two frameworks may Involve their categDrizatiori of 

objects Cand associated constitutive and Individuating principles) ^ their 

2 

uaderlylng logics ^ or both. 

One important reason for demoristrating that internal incorrigl-- 
btllty does not imply eKtemal incorrigibility is that existential and 
logical assuinptlons are so often regarded as unquestionable, KSmar 
applies the incorrigibility distinction to e^clstentlal and logical 
propositions s to the classification of particulars as independent or 
dependent, and to tho classification of logical systems as primary or 
secondary * 

Korner gives conipieK definitions of incorrigibly existential and 

logical propositions* An existential proposition , Implying the existence 

of one or more particulars, is exiB tmntiaZ with rmpeat to a aat&gorvat 

fpanmDo^k (F) if it is '^ , , consistent with the propositioTi that no 

maKtmal kind of F is empty and that every particular belongs to one of 
3 

theni," That proposition ejcpresses the '^basia m%B±mtial thesie^^ of the 
framevrork* M existential proposition Ib incorrigibly existential if It 
ie logically implied by the basic existential thesis of the framework,^ 



1 7 

Ibld .^ pp. 14-16, - Ibid . 
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Ibid., pp, 12-13, ^Ibid., p. 17. 
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Of the iDgical proposittons which are lacorrigihle with respect 

to a categorlal framework (F) ^ Korner gives the following account. 

If S is the logic underlying P then the logical propositions whtch 
are incorrigltle i^ith respect to F are (i) the logical principles of 
S which characterize the logically valid propositions of S Iri terms 
of propositlonal forms and their substitutloii instances; and (li) the 
logically valid propositions themsalves ,^ 

After demonstrating that Internally tncorrigible existential or 

logical propositions are not externally incorrigible^ Korner acknowledges 

a debt to terminology developed by Kant, 

The notions of Internally incorrigible. Internally incorrigible 
eKlstential and internally incorrigible logical propositions are to 
some extent relativised versions of Kant's a pnoTij a pHoTi 
synthetic, and a priori analytic prDposltions, ^ 

Korner eKplalns that every constitutive or Individuating principle of a 

categorlal framework is an internally Incorrigible existential proposi-- 

tions because every such principle is a conjunction of an Internally 

incorrigible escistential proposition and an internally incorrigible 

3 

logical proposition. 

To complete his discuss ion ^ Korner cautions against confusin£§ 
internal incorrigibility with truth* Incorrigibility is defined with 
respect to the conjunction of propositions i^hlch duscriba a framewrk^ 
but , , the truth of at least some propositions depends on their 
relation to non-propositional entities."^ M internally incorrigible 
proposition can be falc. ^ true^ neither verifiable nor falsifiablej or 
even lacking in truth value If the prirnary logic is '^constructive*"^ 
■'Most| If not all^ propQSi,tions which are regarded as 'mataphystcal ' are 
internally incorrigible, unverlflable and [un] falsiflable propositions."^ 

Fc ur slroificant t ypes of thinking 

Korner continues his eKpllcatlon of the concopt of a categorlal 
framework by showing how different types of thinking Influence the 
structure of categorial frameworks, Kornsr's main points are siniply 
no ted J for they do not bear diractly on the present study, 

^Ibid. , p. 18, ^^ihM'^ P- 1-5- ^Ibld , 

^Ibid,, P. 2^* ^Ibid. ^Ibld., p. 25. 
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Komer's first distinction la between "conatructive" thinking, 
aisoGiated vrlth an underlying Intuttionlst logic, and "factual" thinkings 
associated with m underlying classical l^gic* "Practical" thiakijig is 
examined aa a particularly laterestlng type af conatructive thiiAlng*^ 
Komar's aecoiid disttnctlon is between ''conmionsense'* and "acientifie" 
thlakingi the distixietioii is applicable to both factual and constructive 
thinking. Inexactness of attributes and iiidef initeness of propoiitloiis 
are characteristics of connnonsense thii^iftg vhlch are excluded from 
scientific thinking baaed on elasslcal logic. From Korner's perspective 
emphasising extemal corrigiblllty ^ it is bio re worthwhile to undergtarid 
the relatlonshlpi between different types of logic than to try to decide 
vrhlch type is ontologlcally primary, As with decisions about the onto- 
logical primacy of different object typas, ", , , ^ the proper logico-- 
mplGt^OTlogical attitude is again one of toleraiit Impartiality;"^ 

Metaph ysical prinaiples and 
e^cplanatoa^ standards 

To begin to bring hie argument to a closer KSmer turns his 
attentlDn ftom dlfferencea within frameworki to differences between 
fraroeworksp KSmer first considers how divergent interpretations and 
divergent idealizations can generate differences between categorial 
fraimeworkSi including frameworks arising from the a^ie set of par- 
ticulars and attributes. Divergent Intexpretations result from different 
ways of adding non-deacriptive elements to a deicripticn, as in the * 
interpretation that a sequence of situations Is causal. Divergent 
idealisations result from different ways off modifying a description, 
aa In moving from stateiients about a perceptual triangle to ones about 
a Euplidean trlmgle,^ 

The basic sources of divergence ^re the different ways of 
including non-perceptual content in interpret at tve and Idealising 
attributes. Three types of lnterpretatl%fe attributes seem to be 
particularly significant * 

In a mum detailed study of Interpretative attributes the follow- 
ing three ty^es wuld deserve special attention as characteristic of 



Ibid ., pp. 26-38. " Ibid ., pp, 39-50* ' Ibid . , 49- 
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most — possibly all—cat cgorlal frameworks ao far Gmployed. These 
are attributes wlitchj roughly speakings serve the trans formatioii of 
a plucality of particulars into a unified particular of a new kind; 
attributes which serve the transformation of private particulars into 
public particulars; and attributes which serve the transformation 
of transient into pennaiianC particulars,! 

It Is Corner's view that divergent Interpretations, divergent ideal-- 
IzatlonSs and alternative categorizations are the most important fac- 
tors la accounting for the variety of categorlal frameworks ^ accual and 
possible. ^ 

KSrner links caCegoriaL frameworks with metaphysics by suggesting 

that principles of nategorlal fraraew^orks are part of the class of meta-^ 

physical principles. He points out that ^os^, m-maphyslcians and episte-- 

mologists , . have heen chiefly interei^tt'd io constitutive and indi-- 

viduating attributes which are nQn-perceptaai or contain non=parceptual 

ingredi its and In the f rame^/ork--principle3 corresponding to sugU 
3 

attributes , 

l^aCaver else it may be 5 metaphysics alms at the inhibition of 
Iraplicitly accapted categorial fraraeworkSj at their c.v'';lc :7. 
eKamlnation andj soimtlinesy also at their tnodlf Icati on. 

KSrner reports that four conmon characteristics of metaphysical principles 

are those of being non^empiricals not logically true, comprehensive in 

applicability and , , 'prior to experience- in the sense of BOWlBhoW 

deterniining the structure of experience , rath&if thaiTi being determined 

by it,"^ 

Admitting the vagueness of these conditions^ especially of the last, 
we must, I think ^ also admit that if they are satisfied at all^ they 
are satisfied by f ramework^principles *^ 

To complete the developinent of his central thesis ^ Kb'rner argues 

that there is a reLatlonship bet^^een an individual's categorial fraiiiework 

(F) and his standardst . f explanation* A proposition Is regarded as 

"Ibid. , pp. 53=54, 
^Ibld. 
*Ibid, 



Ibid . , p* 58* 
^ Ibld . , p, 59. 
^Ibid. 
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explanatory of something for someone if failure to believe the proposi- 
tion would render that something unintelligible for that person. A 
person's standards of explanation vlll include inany criteria, and among 
them win be conipatibility with the internally incorrigible principles of 
his categorlal framework.^ 

In so far as the compatibility of any proposition g with the 
internally incorrigible principles of F is a necessary condition 
of the proposition's explaining anything, these principles represent 
for the person ^ho employs F not only metaphysical beliefs ^ but 
also standards of intelligibility 



Categorlal change and the 
influence of phliosophlcal argument 

KSmer concludes his discussion of categorlal frameworks with an 
eKploratlon of the topic of categorlal change* He first distinguishes 
the inforinative from the explanatory function of a categorlal framework ^ 

arguing that '\ • , ^ eKplanation is framework-bound whereas information 

3 - 

is not," Ignoring this characteristic can lead to two different errors 
which may confuse the topic of categorlal change. Inferring from the 
fact that explanation is framework-bound that Information is also frame-- 
work-bound , , tends to support an aiUhropoIoglsiii which exaggerates 
cultural relativity to a point where any bndurstandlng of the ucers of 
one categorlal framework by those of another is completely rulad out.^^^ 
Inferring from the fact that Information is not f rariuwork-^bound than 
explanation is not f ramework--bound . , tends to support a suientism 
which equates increase of information with Improvement of explanation 
• , * , " On Lihis vieWj quantity of information could [eTroneously] be 
identifiDd with quality of explanation. 

To KSrnerj the experience of categorlal change may be comparable 
to the perceptual change of a Gestalt switch or to the change of attitude 
from approval to disapproval, but a change of belief la also Involved, 



1 2 1 
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YcC a categorlal cliange is not, or not only, a change In parceptlDn 
or evaluative attitude. It rasults in modifying a prior categoriza- 
tion^ its associatad constitutive or Individuating principles or its 
underlying logic s and is therefore also a change of belief — from 
belief in one set of propositions to belief in another*^ 

Three examples of changes in constitutive principles are illustrative of 

features of categorial change* Korner discusses the challenges posed to 

existing frameworks by the introduction of Darwin's concept of species ^ 

Newton's concept of inertia, and the quantutn-mechanlcal concept of an 

event. Such challenges inay be resolved by rejecting the new thesis ^ 

granting it Che status of a heuristic principle^ or accepting it^ with 

2 

corresponding consequences for the status of the original maximal kitid, 

PhiioBOphical arguments may be employed In attempts to preserve^ 
change, or reject an accepted categorial framework. Regardless of the 
outcome of such arguments, they also serve * * to clarify the structure 
of the categorial frameworks whose choice , change, or preservation is at 
issue, or to present new thought-possibilities previously not available 
or not racogni^od, 

KSrner characterises several types of Tnethods of philosophical 
arguinent and notes the usual effect of each on categorial frameworks . 
He declines the task of identifying all the varieties of philosophical 
argument and showing that each is incapable of establishing the truth 
of qng^ categorial framework* Instead he notes that such arguments for 
uniqueness involve either the circularity of using a given framework 
to establish criteria for the uniqueness of that same frainework, or the 



impossible task of eKamlning * * a potantlally inflaite set of 
categorial frameworks, sonie of which are not even knoim,"^ Yet Korner 
has recognised that all types of philosophical argument may contribute 
to clarification, and to the creation and re'.ognltion of new possibili- 
ties. Accordingly, he closes his argument by extending his posture of 
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toleirance to . , metaphysical though t-^eKperimcnts by metaphysicians 
..." He hopas that these will be encouraged for their potential 
contiribution to the continuing creation of new categorial frameworks. 

Sumniary 

As developad ICorners the concept of a categorial framework 
Includes a categorization of objects of experience^ associated conatitu^ 
tlve and Individuating principles ^ and an underrylng logic, KSrner 
argues that there are close and important relationships among an individ- 
ual's categorial framework, his metaphysical beliefs , and his explanatory 
standards. Specifically, he argues that the principles (constltutivas 
individuating J and logical) of a categorial framework are metaphysical 
principles which also function as standards of Intelligibility, 

In the remainder of this chapter, three different interpretations 
of the nature of science are described , Carnap, Popper, and Kuhn have 
developed coherent > Internally consistent positions which permit different 
Bolutions to various metaphysical problems. For each of the three 
accounts^ the following general format is followed. First, the basic 
features of the por.itlon are described in detail sufficient to pemit 
an outline of the implicit categorial framework. Then the solutions to 
laetaphysical problems are outlined. This format permits each analysis 
to illustrate to some extent the relationships between the categorial 
framav/ork and the associated metaphysical beliefs, 

Camap^s Analysis of Science 

Introdu ction 

In The Logica l Structure of t he World , Car nap applies achievements 
in logic and mathematics to scientific analysis in a manner Intended to 
illTnlnate metaphysical issues from the domain of science, Carnap argues 
that all the "objects" of science can be "constructed" from a small number 
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of "basic objects*" The latter are derived from -'the individual stream 

of experience," which is taken as given and for which nGither ruallty nor 

nonroality is clnlrard.^ 

Carnap is concorned with the justification of statements in 

science 5 not v/ith their discovery or development* Accordingly , his 

argument bears primarily upon epistemological features of science. 

In the preface of his work, Carnap identifies some general features of 

his point of view* The method provided by developments In logic and 

mathematics is said to make it possible to develop "* * * a uniform 

2 

reductional system of the concepts which occur in sciencai" and thus 
to answer the question of how cognitions may be reduced to one another* 
Carnap declares that every thesis of science requires ", , .a purely 
empirical-rational justlf Icationi " He speaks of the goal he shared with 
others in the group now referred to as the Vienna Circle as a • * 
call for clarity J for a science that is free from metaphyaicSj , * 
Wliile emotion and intuition may be involved In handling problems and 
discovering solutions, the justification of statements Biust be purely 
Intellectual, 

The opening chapters describe the objective and the plan of the 

study. The opening paragraphs of the study are particularly indicative 

of Carnap -s goal. 

The present investigations aim to establish a "constructional 
system", that is^ an eplstemlc=loglcal systein of objects or concepts* 
The word "object" is here always used in its widest sense, natiielyj 
for anything about which a statement can be made. Thus^ aTnong 
objects we count not only things, but also proporties and classes, 
relations in extension and Intension , states and avents, what Is 
actual as well as what is not* 

Unlike other conceptual systems , a conatructional system under- 
takes more than the division of concepts into various kinds and the 
investigation of the differences and mutual relations between these 
kinds. In addition, it attempts a step-^by'-stGp darlvatlon or 
"construction" of all concepts from certain fundamantal concepts ^ so 
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that a genealogy of concepts results in which each one has its 
definltG place. It is the main thesis of construction theory that 
all concepts can in this way be derived from a fe^ fundamental 
concepts^ and it is in this respect that It differs from most other 
ontologies. 1 

Carnap refers to his study as , , an attempt to cppty the 
ih&omj of mlations to task of malyBing reality. Methodologically, 
he sees himself bringing together mo rather Independent branches of 
science— symbolic logic and the reduction of reality to the given—which 
are both required for further scientific progress,^ With a view to 
eliminating metaphysical issues from science, Carnap points out that 
the language of construction theory Is regarded as completely neutral* 
He sees no logical difference between "concept" and ''object^" only a 
psychological difference. His theory is to be neutral with respect to 
the controversy between idealism and realism, between objects created 
hf thought and objects apprehended by thought.^ 

Carnap develops his argument with care, attempting to identify 
and explain each move required for progress toward his objective of a 
constructional system of concepts or objects. His argum^;^iit is summarised 
here by examining in detail three topics which are dominant and funda- 
mentali (1) the thesis that scientific statements are transformable 
to structure statements, by the method of purely structural definite 
descriptions^ (2) the thesis that a new constructional level is reached 
by giving a '■definition in use" to define the extension of a proposltional 
function, and (3) the thesis that a coris tract ional system requires only 
a small number of basic relations taken as undefined basic objects. Each 
of these topics is examined in turn. 

The nature of scientific sta tements 

Carnap -s discussion of the nature of scientific statements indicates 
a fundamental aspect of his approach- The thesis t^/hich he maintains, and 
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is seeking to establish ^ is "* . . that aaienGe deata only with the 

dmsariptim of Btmatwpat ppap&rtieB of obJ&atB."^ The goal thus set 

for all sclentifia Ptatemanta is to indicate formal (structural) 

properties only, to the exclusion of individual (material) properties. 

This requirement la made to Ineure the objectivity of science by removing 

the subjectivity o£ any reference to material. It is recognlBed that 

empirical science usee material entitles initially ^ with an ultimate goal 

of purely structural definite descriptions ,2 

The concapt of a structure begins with the distinction betwe^.n 

a property description and a relation description. The former indlj. les 

propertlee of individual objects; the latter indicates relations between 

objects, making no assertion about the objects as individuals* A 

relation description which specifies neither properties nor relations 

but only the structure of the relation is called a structure description p 

Thus, our thesis I namely that scientific statements relate only to 
etructural properties, OTounta to the assertion that scientific 
statements spaak only of forms without stating what the elements and 
the relations of these forms are,^ 

Arguing that definite descrlptione which are purely structural are 

possible, Carnap aubtnits that scientific discrimination is limited to 

the possibility of definite description through pure structure statements. 

It becomes clear from the preceding investigations about struc** 
tural definite descriptions that each object name which appears in 
a scientifle statement can in principle (if enough information is 
available) be replaced by a structural definite description of the 
object, together with an indication of the object domain to which the 
description refers* This holds, not only for the names of ludividual 
objects, but also for general names, that is, for names of concepts ^ 
classes p relations # • « . Thus each scientific statement can in 
principle be transfDrmed into a statement which contains only 
atructural properties and the indication of one or more object domains. 
Now, the fiwdamwtal thesis of construction theory , . , , which we 
will attempt to demonstrate in the following investigation, asserts 
that fundamentally there is only one object domain and that each 
scientific statement is about the objects in this domain. Thus, it 
becomes unneceasary to indicate for each statement the object domain, 
and the result is that eaah eoi&ntifia Btabmment oan in prinQiplm be 
so trcmBfom&d that it i& nothing but a Btruoture atatem&nt. But this 
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transformation Is not only possible. It Is imperative* For science 
wants to speak about what is objective^ and whatevef does not belong 
to the struGture but to the material (i,e,, anything tnet can be 
pointed out in a concrete ostensive definition) is, in the final 
analysis, subjective. ^ 

In concluding his remarks on the possibHity of purely atructural 
daflnite descriptions, Carnap recognises a dlitlnction between a con- 
structional form and a linguistic form of scientific statements, 

. , * s for Boimnae^ it i& poBBible cmd at the same twie neQ0B&a^ 
to mBtriat itamlf to Btruature BtatemmtB. This im what we asstrted 
in our thesis. It Is nevertheless evident from what has been said 
[earlier] that scientific statements may have the linguistic form 
of a material relation description or even the form of a property 
description. 



Develop ing a constructional system 

The two remaining topics selected for detailed examination cover 
what Carnap describes as the four main problems of construction theory. 
The problems of basis (choice of lowest level) ^ object form (construction 
of objects of various types), and system form (overall form produced by 
stratified arrangement of object types) are interrelated and are said to 
involve ''eKtralogieal" considerations* First Carnap treats the fourth, 
"formal-logical" problem of ascension forms, which will be used repeatedly 
to "ascend" to higher levels in the system.^ 

Reaching new constructional levels 

Carnap regards virtually all objects of science as "quasi objects" 
which are incomplete syiriDols used as though they designated objects as 
object names do. At issue here is the relationship between linguistic 
signs and the objects they designate. Following Frege, Russell used the 
term "inconqplete symbol" for a symbol which has no meaning in isolation, 
but only in certain contexts in which its use is defined*^ Tha incomplete 



1 2 % 

Ttld., pp. 28-29. Ibid ., p, 30. - Ibid . , pp. 47-48, 
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symbol which remains when names of objects and quasi objects (the 

argumeuts) are deleted from a sentence (that is, deleted from the 

arguiQent positions) i ^ ; 'v. designate a proposltional jjundtion * Tvjo 

typei^ uC p;.^pcifait"c ^iccions are distinguished, A property (or 

property concopfci has one argument posltlon| a relation (or relationsl 

concept) h:4B two or more argument positions,^ 

The ''eKtenslonal procedure" for producing the SKtenaion of a 

propositional function involves assigning the siima symbol to proposltional 

functions which are satisfied by exactly the same arguoients and thus said 

to be GoeKtensive. This condition is achieved whan every object (or pair 

or triple of objects ^ etc,) which satisfies one of the proposltional 

functions satisfies all the others (that ISj results In a true sentence). 

The symbols assigned to coextensive propositional functions are called 

"extension symbols," Used as though there were objects (extensions) 

which they designate^ extension syniiols have no independent meaning and 

thus are termed incouplete symbols • When using the BKtension symbol 

produced in an extensional procedures * * we obviously disregard 

all points of difference between coextensi'^^e proposltional functions and 

2 

express only those factors in which they agree," T^^o types of eKtenslona 

of propositional functions are distinguished. A class la an eKtension 

3 

of a property I a rel^ation extension is an extension of a relation . 

To construct a concept from otiier&i : tdicate its "construe-^ 

tiorial definition" using only those concepLi* m -^".ich ths constructed 

4 

concept is said to be reducible. Two typea of constructional definition 

are dlstlnguiehed. An explicit defini tion gives to a new symbol the sam^ 

meaning as a coaiination of knora symbols, A definition in use Intra- 

duces a symbol which lacks independent meaning by explaining how the 

symbol is used in complete sentences, A definition in nse equates the 

expressions for two propositional functions^ one containing the new 

(constructed) object name and the other containing only previously 

5 

constructed names, both containing the same variables* 

^Ibld,, pp. 50'-51, ^ Ibld , , p, 56. ^Ibid. . pp, 57''60. 
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The ''ascension'* to a new constructional level requires a definition 
in use. Hence this type of dBfinition is of central Importance fo:: the 
task Carnap has sut, A definition in use establishes that two propnait- 
ional functions have the same meaning, that is^ they are satisfied by 
the same objects. The proposltional function which Includes the new 
syniol will be associated with all propositlonal functions coeKtensive 
with the established proposltional function used in the definition* A 
definition in use always defines either a class or a relation eKtenslon^ 
depending on the number of argument positions 

Selecting basic objects for 
a constructional system 

The third topic of central Importance in a description of 

Carnap -s Interpratation of science concerns the selection of "basic 

objects" from which all other objects are to be constructed. To 

explain his choice of "basic relations" for this purpose , Carnap first 

explains his use of an "epistemic'' system form in which objects ara 

constructed from others which are "eplstemically primary." While either 

a physical or a psychological basis seems to be available, Carnap regarde 

autopsychologlcal objects (one-s oim psychological processes) as 

eplatemlcally primary In relation to physical objects* He sees the 

following epiatemlc aequence of important object types: autopsycholog^ 

icalj physical J heteropsychological (other person's psychological 

2 

processes) J and cultural objects* 

Carnap argues that objectivity in an Intersubjectlve sense Is 

possible with an autopsychologlcal basis because , ", , , ^ even though 

the maieriat of individual streams of experience Is completely different, 

* . * , certain BtrUGtural prapmrtieB are analogous for all streams of 
3 

experience. The necessary objectivity Is possible because structure 
Is the essential concern of science. 
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AS -basic element8"-the members of the basic relations-of 
a con.tractlon.1 system, Carnap eelacts "elemantary oxparlancas units 
of "axperiances of the salf."l ihase ara •■essentially .n. .aly.ablo 
units" which cannot be analyzed by construction wiu'i tna availabla 
ascension forms. Carnap describes a synthetic procedure tamed "quasi 
analysis" to ". . . overcome the difficulty which results from the fact 
that elementary experiences are unanalysable. As initial ordering 
concepts of his constructional system. Carnap selects basic relations 
rather than basic classes . since only the basic relations ara of th. 
form required to make assertions about the basic elements, the 
elementary eKperiences . 

The basic relations, not the basic elements, are the "undefined 
basrc objects" or concepts from which all other objects of the system 
are constructed. Carnap argues that one basic relation called "racol^ 
lection of similarity" appears to be sufficient as the basic relation 
of a constructional system with an autopsychologlcal basis, but this 
claim is recognized as having the status of a conjecture.^ 

The outline of a 
constr uctlQnal system 

The interpretation of scientific statements as structure state- 
ments, the explanation of the definition in use as an ascension form, 
and the selection of basic relations among elementary experiences as' 
the undefined basic objects of the constructional system are three 
fundamental aspects of Carnap 'a argument. In the concluding sections 
°^ ^^S.^2Mm,MmMm^M.^m.Ssm, Carnap outlines a constructional 
system and then examines various philosophical problems In the light 
of the results of his study. A brief description of the outline of a 
constructional system precedea the statement of Carnap 's categorlal 



^Ibld. . pp, 107-109. 2 
3 
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framework. Carnap's philosophical reflections are cited snbcaquentiy , to 
permit observation of the interaction betwetni Carnap's categorir.ation of 
objects of experienca and his inataphysical beliefs and explanatory stan-- 
dards . 

Carnap introduces the outline of a constructional system with a 
reminder of the purpose for which it Is presented. His remarks raflect 
Russell's sharp distinction between analytic and empirical statements. 
The If^tter indicate , . the relations between constructed objects 
which can be ascartained only through experience."^ Note in the following 
that Carnap -s concern is not with the "coii^lete material correctness" 
of empirical findings but with the problem of translating empirical 
findings into a constructional system. 

As concerns the content of our con ^uction^ . system^ let us 
emphasize again that it is only a ten :ive exan^le. The content 
depends upon the material findings of the empirical sciences | for the 
lower levels In particular upon the findings of the phenomanology 
of perception^ and psychology. The results of these sciences are 
themselvas subject to debate; since a constructional syst b merelv 
the translation of such findings ^ its complete material c -^ctness 
cannot be ^guarMteed, Tlie aatual pmpase of our expOBition of 
aamtruQHon theory is to posm the problem of a aomtruational 
system^ md to aarry out a togiaal invesiigation of th^. method which 
will lead to suoh a systemj the formulation of the systmt is not 
itself part of tJm aQtual purpose. We have nevertheless formulated 
some levels of the system and have indicated further levels. We have 
done this mostly to illustrate the problem, rather than to atttiiiipt 
a beginning of its solution. 

Carnap begins his outline- with logical objects and the lllus-- 
trative construction of an autop ) chologlcal object. Discussion of a 
possible procedure for constructing physical objects proceeds from 
space-time through the visual and other senses to the objects of 
physics and biolo^. Relations required to construct heteropsyehologlcal 
and cultural objects ^ and emplrlGal problems associated with the relations, 
complete the outline. 

In describing the construction of cultural objects, Carnap 
reiterates the absence of raetaphyslcal implications and the exclusive 
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concern of scientific statements with "f ormal--logical" relations 
between object types, ^ Having outlined a constructional system in 
a preliminary fashion, Carnap assuTnes the possibility of achieving 
the system with a basis in elementary experiences, in order to rjislder 
the contributions of such an achievement to a variety of philosophical 
problems* His assessment of those contributions is examtned after 
the following summary of the categorial framework Indicated by his 
arguments . 

Carnap 's eat egortal framework 

In Kb'rncr's analysis, indication of a categorial framework 
calls for the identification of a thinker -r categorization of objects^ 
the associated constitutive and individuating principles, and the 
underlying logic* Carnap 's ^irgument takes "objects of reference" and 
"elementary experiences" as T,aKimal kinds of independent particulars in 
a categorization of objects of experience* Co ..otitutlve and individuat- 
ing attributes associated with these maximal kinds are indicated by 
the following statements which are internally incorrigible in Carnap 's 
argument * 

1, Objects of reference have structural properties. 

2. Scientific sf ^nts are empirical descr? "*;ions of 
structural properties c vb ; :s of reference, 

3* Structural de. ^ion proceeds accordin ^^^saellian 
logic, including the definition in use (property and relation 
extensions) . 

4, Elementary experiences are episteml^ally primary and 
essentially unanalysable (Iranediataly given, exhibiting no properties 
or constituents). 

5, By a procedure of quasi analysis, derived from the Frege- 
Russell "principle of abstraction," structural properties may be 
assigned to elementary ejcperlences , 
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6. There Is an absolute ccntrast between 'structure^ and 
':.cnf:=cat» (batween inrmal and ma rial propc^rtias . ) 

7. There Is an absolute contrast between analytic statementH and 
empirical statements. 

8. In the final analysis, the truth of scientific statements is 
determinad by correlating basic rolations among elementar/ exnariences, 
perhaps only of the form of recollections of similarity. 

Classical logic is the primary logic underlying Carnap^s 
categorial framework, 

Camap^s metaphysical stance 

Carnap considers a number of philosophical problems and in each 
case states the perspective afforded by the possibility of a construe- 
tlonal system. The following statement summarizes basic points in his 
argument while illustrating that philosophical problems are approached 
with a sharp distinction beti^een science and metaphysics* 

The constructional system shox^s that all objects can be con-= 
structed from elementary expariences*' as basic eleraenfs. In 
other words (and this Is what is meant by the expression "to 
construct'O. all (scientific) statements can be transformed into 
statements about my experiences (more precisely, into tatements 
about relations between my axperiences) where the logical value is 
ratained. Thus, each object which is not itself one of my experl ' 
ences, is a quasi object; I uba its name as a convenient abbrevia-- 
tlon in ox \ r to speak about my experiences* In fact, within 
construction theory, and thus within rational science, its name is 
nothing but an abbreviation* Whether, In addition, it also 
designates something which ^'exists by itself" is a question of 
metaphysics which has no place In science, . , ,1 

The same approach to philosophical problems is found in the 
following passage in which Carnap dls .=^nguishes the ''constructional 
essence" of o:a object from the "metaphysical essence" of an object. 
The first 1^ ccncerned with the derivation of an object from the basic 
objects of the constructional system* Metai^yslcal essence is concerned 
with the "object-in'^ltself ," and questions of this type are neither 
Justified nor meaningful in science. 
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Strictly speaking, the quesf:ion [of the essence of an object] 
should iioi: lu pbLasad as "What in the nominatum of this object: 
slgn?"^ hut ^'Which sentences in which this abject sign can occur 
arci true?" Wa can make mi unafnhiguou& asotSQammt only of tlm truth 
Qv falsity of a smtmaQ^ not of the nominatwn of a sign^ not evon 
of ..m objact sigyi, Thus^ the indication of the essence of an object 
or, what amounts to the same^ the indication of the nominatuui of the 
sign of an object^ conRfsts in an Indication of the truth critGria 
for those santences in which the sign of this object can occur. 
Such criteria can be formulated in various different ways; these 
various ways then indicate the respective character of the essence 
description in ruestion* If the constructional essence of an 
object is to be indicated, the criterion consists in the construc- 
tional formula of the object , which is a transformation rule that 
allows us to translate step by step ^ivery sentence in which the sign 
of the object occurs into sentences about objects on a lower 
constructional level and, finally^ into a sentence about the basic 
relation(s) alone* ^ 

The problem of the parallelism between autopsychological and 
physioi '^gical events, termed the "psychophysical" problem^ is 
considered i^ r .rms of a sharp distinction between determining the 
nature and extent of "parallel sequences" within a constructional system 
and subsc quer' r - la:!r^ iiig what is determined tc be the case. Only the 
former acti . / K/'hin science,^ 

In exploring t^^e problem of rea3ity5 Carnap first specifies 

criteria for distinguishing between reality and non-reality within a 

construe tiona] system* All real objects belong to comprehensive systems , 

are Intersubjective in some sense ^ and have posicion in the temporal 

order, ^ From this distinction^ Carnap proceeds to the metaphysical 

problem of reality ^ where the question is asked whether "realicy" in 

some special sense (typicallys "independence from the cognip.ing 
4 

consciousness" ) must be ascribed to objects which are real In the 
constructional or empirical sense. Here a distinction is made between 
"empirical reality" and "metaphysical reality." Carnap argues that 
the three schools of realism j Idealism , and phenomenalism diverge from 
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^Ibid, , p. 281. 
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each other only when they go beyond the boundaries of construction theory 
to take pofticions concerning me^ ;::!iysical reality, positions among which 
no experience can decide. Construction theory is seen as expressing the 
common content of these divergent positions. Construction thfiory regards 
metaphysical reaJ -ty as meaningless, and it achieves objectivity by 
stopping at the deterrainatioa of "lawlj :e regularities."^ 

The sharp demarcation between empirical science and me .aphyslcs 
continues into Carnap-s summary of his account of science. "The aim of 
science consists in fiiding and ordering the true statements about the 
objects of coCTition . , J*^ This involves first constructing objects 
and then t ^ ; r ng their empirical properties and relations. The 
indicated is logical, not chronploglcal* The process of estab- 

lishing by conveution the "constructional formula" of an object is the 
only way to give ", . , a verifiable meaning to such statements [about 
an object], for verification means testing on the basis of experiences."^ 

Following the position of Wittgenstein In the Tract atus Lo^ ico- 

Philosophicusf Carnap describes science as having no limits. By this 

he means that . . .there is no qmstion whose amw&r is in pvi}taiple 

5 

unattain^le by saienae,'' This position is, most brlGfly, that if a 
question can be asked at all, it can in principle be answered* "In the 
strictly logical sens to pose a question is to give statement 



togethe?; with th^^ task of deciding whether this statement or its negation 
Is true." All the questions which can be asked in the specified sense 
fall within the domain of unified science. This formulation of alms and 
limits of £-:ience Indicates the basis of the term "logical empiricism" 
which is often applied to Camap*s position* 

This brief review of Implications of a constructional system 
for the resol-' ^on of certain philosophical problems completes the 



^Ibid, , . 281^287, ^Ibid.. p, 288, ^Ibld ., p. 289, 
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Wittgenstein, Tractat us Lcgic o-Phllosophicus , trans, by D,F, 
Pears and B,l\ McGuinness (London i R^>utledge & Kegan Paul Ltd., 1961), 

^Carnap, 0£, cit. , p. 290* ^Ibld. 
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present examination of The Log ical Structure of the World . Camap's 
problem'-solutions Illustrate the manner in which principles of a 
categorial framework function as metaphysical principlos and explanatory 
standards j as argued by Korner, Carnap has modified and developed his 
position since writing his first major work. To examine criticisms of 
this work and the subsequent development of Carnap 's work in philosophy 
of science would take the discussion well beyond the scope of the present 
study*^ Camap's study is here regarded as a clear and significant 
argument concerning the nature of scientific knowledge. 

Popper's Analysis of Science 



Introduction 

In The Logic of S cientific Discovery ^ Popper develops an account of 
science in which ''f alsifiability" is adopted as a criterion of demar-- 
cation for dlstingiiishing empirical science from metaphysics* Popper 
thus recognises the problem which Carnap attt:mpted to solve by adopt-- 
ing verif lability as a criterion of meaningf ulness , but he strongly 
and explicitly disagrees with the proposed solutiont Popper rejects 
inductive logic in favor of the testing of consequences deductively 
derived frrni theories. Theories are regarded m^- .universal statements 
which can be falsified by single contradictory instances, as in the 
familiar eKample in which accepting the report of on^ bi^ swan 
dismis:uac3 the generalisation that all swana are wl 

An Initial t mmary of major issues raised by Popper ?^nrves to 
identify some of the significant differences between the positions 
of Popper and Carnap and to provide a background for the subsequent 
detailed analysis of Popper *s account of science. The initial issues 



See Paul Arthur Schilpp (ed,). The Philosophy of Rudolf Carnap 
LaSalle, Illinoisi The Open Court Publishing Co., 1963 for Carnap 's 
"Intellectual Autobiography , " discussions of his work by other 
philosophers^ and Carnap -s replies to those ditcusaions. 
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are the testing of scientific statemBnts, the demarcation of science from 
non-'ScioncG, the obleGtivity or scientific statemants, and the scope of 
a theory of scientific methocl. 

The method of testing 
sciGntific statements 

The Logic of Sciantif ic Discovery is a systeiTiatic development of 
a position based on deductive testing of theories^ and It demonstrates 
the solutions of epistemological problems which that position permits. 
With the phrase "logic of scientific discovery," Popper refers to 
ARS^gjL analysis of the procedure by which a scientist constructs and 
tests :iypotheses. Those who would characterize empirical science by its 
use of inductive methods would regard the lot,i , of scientific discovery 
as the logic of those inductive methods by which the truth of universal 
statements Is based on experience. Popper cites Hume*s analysis of the 
principle of induction and explains Kkb own view that inductive logic 
Involves a number of difficulties which he regards as InsurmQuntable. ^ 

Popper describes his own theory as that of the "deductive method 
of testing" empirical hypotheses which are put forx^ard for acceptance, ^ 
Although his view of the distinctive features of science is very different 
from Garnap's view, Popper shares with Carnap an interest in logical 
justification of statements. In different ways, both oKclude attempts 
to analyze psychological facts associated with an individual's develop-- 
ment of a new hypothesis*^ Popper describes four wayB in which conclu- 
sions deduced from a tentative hypothesis can be eKamlnedi (1) checking 
fur internal consistency among conclusions , (2) determining that the 
hypothesis is empirical, (3) determining whether rhe hypothesis represents 
an advanca over other theories, and (4) testing empirical applications of 
the hypothesis. Verification of singular conclusions establishes neither 
the truth nor the probability of a theory, in Popper's view, only temporary 
support which he refers to as "corroboration."^ 



^Popper, The Logic of Scientific Discovery , pp. 27-'29. 
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The criterion of demarcation 

t^en considering how his rejection of induction Infl .?; ; tuw 
view that the method of induction distinguishes empirical s^lencti Lrom 
metapbysics 5 Popper submits that the problem of demarcation is more 
fundamental than the problem of induction. He criticises poaltlvlBtf 
for their "nnturalistic" interpretation that' demarcatioD is a probleip, ot 
natural sc anca^ to be solved by finding an existing difference between 
etnpiricL ycic -a and metaphysics* Popper contends that Wittgenstein 
critericii o iaaningf ulness, which coincides with induction as a criterion 
of demarcation J actually eKcludes natural laws (universal statements) 
from science. Popper describes his own goal^not as the eKclusion of 
metaphysics but as the characterisation of the staterasnts of empirical 
science. He seas himself proposing a convention which should be assessed 
on the basis of its logical consequences. 

In place of veriflabllity , Popper proposes that the 
falslf iability of a theoretical system be regarded as a criterion of 
deirarcation. This view of an empirical or scientific- system is a 
nagative rather than a positive one, as Popper demands that the logical 
form of a scientific system must permit the refutation of the system by 
exparlenctu Popper suggests that ■^experience" may be viewed as a method. 
This method rather than the Inductive method is characteristic of the 
theoretical system of empirical science ^ which must be dlstingulahable 
a^ rftpresantlng "our world of eKperience," For Popper this requires 
the application of the deductive method of testing which ha analyses In 
the main body of his argument. Falsification is compatlbla with Popper's 
d^sductlve methoa because it is possible to a.'gue deductively from the 
truth of a singular st itement to the conclusion that a universal state- 
ment Is false. Logical evasion of falsification, By ad hoc modification 
of a systems is to be explicitly excluded by characterlEing the empirical 



4bld ,, pp, 34-39. 
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method as one whlcb exposes a system to falsification "in every con-- 
CGlvable way," 

The objectivity of 
scientific statements. 



nature of singular statements which he must answ^^ in his analysis, 

HIb solution includes a distinction becwgan "subjective" psychological 

fer lings of conviction and "objective" logical relations* Popper agreaa 

with Carnap that fer^iings of conviction cannot justify a statement ^ but 

Popper takes the view "* * . that the objBaiivity of scientific statements 

2 

lies in the fact that they nan be ini0rsubj&QtiVmly t&st&d* " Popper 

requirQ^ that "basic statements-*- those which can serve as premises in 

empirical falsifications— be intersubjectlvely testable like all other 

(objective) scientific statements. This leads Popper to the conclusion ^ 

markedly differrf^t from Carnap'ss that science has no ultimate statements 

and that there is no logical way "* . * to reduce the truth cf scientific 

3 

statemeui.3 do our experiences ," Rather, while all scientific statements 
must be tes tables some can be accepted without actually having been 
tested. 

The need for methodological rules 

Popper sees the theory of scientific method'*'--'Which he identifies 

with . MKLulogy or the logic of scientific disco very ^^as a theory 

which treata not only the logical analysis of relations among stateTnents 

but also the Balection of methods for dealing with scientifl^i statements. 

Methods^ or rules, selected for his "empirical method" are to rmas 

4 

which ensure the falsif lability of statements In science* Where posi- 
tlvlstw! see logical criteria (verif lability , meaningfulness) as charac- 
teristic of scientific stateTOntSp Popper regards "susceptibility to 
revision" as their distinctive characteristic. Given that scientific 
statements can be Ci.iticized and replaced by better oneSj Popper *s goal 



Popper realiites that thr re a :e problems wlLii the empirical 



Ibid., pp. 39-42. 



Ibid, , p. 



3 



IbW. , pp, 46--47, 



4 



Ib^., 49. 
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is to analyze how choices are made between conflicting theories, choices 

which result in the progress of scientific knowledge.^ 

Popper *s objections to a purely logical analysis of scientific 

statements stem from the inability of such analysis to exclude the 

possibility that an obsolete theory will be defended as true. He 

characterizes the positivistic view of methodology as naturalistic , 

involving empirical study of scientists'' behaviors or scientific pro^ 

cedures , Popper regards this position as one which follows from the view 

that logical tautologies and empirical statements are the only two kinds 

of statements. Popper's view, in contrasts is that methodological rulay 

are conventions , adopted when analysis of their consequences show^^ that 

they are helpful and cannot be omitted without loss* He Inten . requlr< 

that methodological rules be such that scientific statements t 

2 

protected from falsification but rather are exposed to it* 

Poppar concludes his Introductory remarks with the declaration 
that he is proposing falsif lability as a criterion of demarcation 
because of its value in clarifying problems of the theory of knowledge, 
Tims his goal is similar to Carnap-s, yet his perspective is very dif- 
ferent* The discussion turns now to the details of Popper's argument 
and the subsequent statement of the categorlal framework Indicated by 
his analys s of the form and the testing of scientific statement^. 
His account is examined in terms of three topics which capture funda^ 
mental features of his position. The first topic is the logical form of 
theories and of the statements required for their deductive testings 
It is followed by conslderatix*? of the empirical basis of science and 
the comparison of alternative scientific theories • 

The logical form of universal and 
sin gular scientif Icstatem^nts 

Popper characterizes scientific hypotheses as strictly unl yersal 

statements s an J '-baFlc" statements required for their deductive testing 



Ibid , , pp. 49-^50. This interest oi Popper*s Is shared by Kuhnp 
whose alternative interpretation is examined later in this chapter* 

^Ibid., pp. 50-54. 
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as singular extstential staeGmeiits. To explain these characterisation?, 
Poppar elaborates neveral relruiGc! dlntinclioni^ . SynthGtic BtntnmenLSj 
which make assertions about realiJ^y, ara elthor universal or singular. 
Prediction requires the conjunction of statemants of both kinds* deduG-* 
tion of a siagular statement (a specific prediction) from a universal 
stsLtm : (a natural law) requires a singular statement of the charac- 
<!^rjatics of a specific c- ont (the initial conditions)* Universality 
inay be either strict or ^^^^ rlcal* A strictly universal statement is a 
"* . . universal asse l t an unlimited number of individuals," 

It ii. asserted for r places d times. A iiume r 1 c a 1 ly universal state-^ 
ment refers to "* # a " :rLtG lass of specific elements within a finite 
individual (or partic 'lnr) sp :io--temporal region*" Popper regards a 
numerically universal sLaLumeiit as equivalent to a singular statements 
for it is In principle possible to enumerate each individual in a 
finite class. ^ 

I'Thether the universality of natural laws is stT ": " or numerical 

is s for Popper 5 a question to be settled not by argument but by agree-- 

nient or convention. His methodological dec:'sion is that it is 

, . , both useful and fruitful to regard natural laws as synthetic 
and strictly universal statements ( 'all--stat^ments ' ) , This is 
to regard them as non-verifiable statements which can be put in 
the form: 'Of all points in space and time (or in all regions of 
space and time) it is true that • * By contrast, Dtatements 

which -relate only to certain finite regions of space and time I 
call ■ neciflc' or ^^'ingula^' statements. ^ 

/h'' ai^^tinctlou bt:tween universal and singular statemtints demands 

a distinctfon br ween universal aud individual concepts or names. The 

3 

latter distinction is excluded by Carnaps and Popper explicitly declares 
his rejection of Camap's position* To Popiperj it is impossible to 



1 2 
Ibid. , pp. 59-63. Ibid, . p, 63. 

3 

Carnap, The Logical St ructure of the World; p* iO and p, 247, 
^Popper, The Logic of Scientific Discovery , p* 67* 
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determine "... whether there are any Individual things corresponding 

to a descripticn hy means oi univarsal naiiiGS ^ and if: sq how many> * . . "'^ 
Similarly, Popper rejects the possibility of defining universal names 
with the help of individual oneSj just as he earli&r rejected the possi- 
bility of moving by induction from singular to universal statements. 
He specifically rejects t^e possibility of solving either the problem of 
induction or the problem of universals by applying tec'^nlques of symbolic 
logic, ^ 

There are ^ Popper points out ^ two types of statements which lack 
individual names or concepts. In addition to the strictly universal 
statements already discussed, there are strictly existential statements. 
Each is equivalent to the negation of the other, and strictly universal 
statements may be said to have the logical forsi of "non-existence" state- 
ments. Popper illustrates with the example of the black raven. Negation 
of the strictly universal '*All ravens are black" (which denies the axis- 
tence of non-^black ravens) yield.3 "Not all ravens are black/' which 
is equivalent to the strictly existential "There are non-black ravens ^"^ 
Strictly existential statenients cannot be falsified by any singular 
statements concerning an observed event. Hence they are regarded as 
metaphysical (non-empirical) by lam criterion of damarcation. As Popper 
explains, recognition that s:;rii_ly universal statements are non- 
existence statements permltF^ kU^- aomparl^on '^f natural laws to pro- 
hibitions. Because it eKplic.i.t. j / r . J ndes t»-craln possibilities, a 
strictly universal statement is ^^^.L'xahi^ the acceptance of a 

It 

Singular etatement reporting the proiiiblted occurrence/' 

Characterization of the "basic" statements to be used in 
deductive testing of universal statements requires a distinction between 
singular existential and singular nor -.^^stential statements ^ also 
equivalent to negations of each other* Singular eKlstential sCatements 
make an assertion about a rarcicular raglon of time and space, while 



Ib^d, , p, 66. Ibid ., p. 63, 

Ibid, > p. 68. Ibid., p. 69. 
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singula!' nQn-exlstjentlal starrments inake a comparable denial. The 

formal requirements that a basic sto^^mant must be aHle to contradict 

a universal statement (for f alslf icatiun) and that *om a universal 

statement lacking initial conditions it must not be prysfidble to deduce 

a basic statement demand that basic statements have che logical form of 

singular existential sCatements. 

The empirical basis of science 

All singular statements meet the formal requireinents of basic 

statements* Popper also Gpeclfies a material requirement to ensure 

that basic statements are . , testable, Intersubjectlvelyj by 
2 

'observation' J* Popper requires " . . , that every basic statement 

must either be itself a statement about relative positions of physical 

bodies, or tbit It must be equivalent to some basic statement c thtm 

3 

'mechanistic' or 'materialistic' kind." More concisely^ the ■ 
which a basic statement asserts is occurlng in a specified region of 
space and time must be "observable*"^ 

Basic stateinents play a role both in characterizing a theoret- 
ical system as f alsif iabl e and in specifying the conditions required for 
f alsification of a theoretical sysuern* Popper eKainines and rejects 
several ways of characterizing a theory as "empirical'^ by its relation 
to singular statements* Hj then proposes the following criterion of 
f alsif iability * 

A theory is to be cal}. Vin;pirical' or ' f alsif Iable- if it divides 
thc^ class of all possible basic statements unambiguously into the 
following two non-empty subclasses* First, the class of all those 
basic statements with which it is inconsistent (or which it ruie. 
out, or prohibits) I we call this the claas of the potsKtial 
fatsifie^s of the theory; and secondly, che class of those basic 
statements which it does not contradict (or which it "permits")* 
We can put this more briefly by sayings a theory is falsif iable 
if the class of its potential falsifiers is not ernpty*^ 

Falsification is quite different from falsif lability * It reqiiires 

reference not to all logically possible basic statements but to basic 

4bid, , pp, 100-102. ^Ibld* , p, 102. ^Ibld> , p, l"i3. 

4 

Ibid, Popper denies that he is using the term 'observable 
event" in a psychologistic sense. He regards the term as one which is 
undefined and learned in use, by examples. 

^Ibid . , p, 86* 
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statements which have hem accented as '^corroborating" a "falsifying 
hypothesis." Falsification demands the discovery of " . . . a mpraciuo- 
iblQ eff&ai cM-h refuses t\m th-oryJ^ Iv. Popper's words, ". . . we only 
accGpt d £ falsificat:ion if a low-level ..^upiricil hypotheais which 
describes such an effect is proposed and norroborated, "^ 

It is Popper's position that eKperiences can never justify basic 
statements but they can motivate decisions to accept basic statements. 
Any baaic stN^tament can always be t^e subject of further tests. To bring 
the proceducA of deductive testing to a temporary conclusion requires that 
the testing stop at statements which are such that Intersub jectlve agrea^ 
ment on acceptance or rejection is relatively easy to obtain* This view 
that basic statements are accepted by decision requires a methodological 
rule that basic statements only be accepted in the process of testing 
theories. Theories provide vietfpolnts and problems which establish conteKt^ 
for the acceptance of basic statements* 

Agrec.ient upon the acceptance or rejection of basic statements 
is reach ^ as a rulej, on the occasion of applying a theory; the 
agreement. In fact, is part of an application which puts the theory 
to the test. Coming to an agreement upon basic statements is, like 
other kinds of appMcations, to perform a purposeful action, guided 
by various theoretical considerations. 2 

Criteria for comparing 
acient^i fi c hypo tli es es 

Popper extends his account of the dedMctive method of testing by 
identifying a number of criteria for the comparison of different theories. 
Of particular interest are comparisons of alternative theories which are 
competing for acceptance as the ''better*' Jaeory. la^ f^o most important 
criteria for comparing theories are "empirical content" and "degrua of 
corroboration," 

Theories may be distinguished by the amount of empirical 
information they convey. Popper gives the following Introduction of the 
phrases "empirical content" and "degree of falaif iability 



^JMi' ^Ibid, 
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A theui:y i^i rnlal f Lablu , . , . , if th« claHy of: ita pot uncial 
falBlfiory not cuiipty, . . . li: thwi cansB of potutitial ralBxC ifirs 
of onei tlH/ory Is -largar ■ than tlint of another^ thare viLll he rmta 
opportunitios for tlia iMrn t theory to be reftiLiad by eKperiancai thus 
cDinparad with the second theory, tlie fltst tlieory may be said to bo 
•falslfiablG In a h;lf^liC2r de-r^a'. This also means that the fi.TBt 
theory BOlia inoTO abour. the world of exp«rlenca thctii the second tlieory, 
far it rules out a largar class of basic statements * . . * Thus It 
can be said that the nmount of ampirxcal information conveycid by a 
theory, or Its GmpiTlcal cQntent ^ increases -with Its degree of 
falsif lability 

In these terms Fcsppar elaborates a rnathodo logical requlrernent that 

scLantiflc theiories have the greatest possible empirical contant, LbvbI 

of universality and uegree of prerilsion are tu^o attrlbatcB of theories 

wULcli are particularly relevant to that goal, for nn increase in either 

2 

Increases a theory -s falsif lability or tes talj'Llity . 

The Gnipirical contant of a theory is associated with Its falsJ li- 
ability and the class of all logically possibLe basic statements. In 
contraBt, the "de^^rae of corroboration" of a theory Is associated with 
its testing and thus witb the class of basic stataments vhich are 
accepted in that procenfi . As an alternative to dlBcusslons of the 
probability of an UypothesiSj Popper suggests th^a assessment of bo-^ far 
a theory has been corroboratecU 

The appraisal of the corrDboration [of a theory], * - can be derived 
if vm arc given the theory as well as the accepted basic statetnents * 
It atjserts the fact that these basic staternents do not contradlet the 
theory, and it doe.' this with due regard to the degree of testability 
of the theory, and to the severity of the tests to vhich the theory 
has been subjected, up to a .itated period of tinie • 



IMd , , pp. 112-113. jbid, , pp. 121-123* 

^The Logi c of Scientifi c Piscovery includes an eKtanslve analysis 
of probability which is .lot examined here. At the time Popper was \^riting^ 
difficulties associated wiuh establishing complete verlf icatiOTi had 
prompted analyses of the probability of hypotheses. The topic of^ proba-- 
bllity is regarded as more specialized than the present study requires. 
Popper uses ''corroboration" to avoid the conteKt of proof and verif Icatioa 
associated with the term '-conftrraatlon* " 

^Ibld. , p, 266. 
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Lli-ory ha?; ■H.ontl up I t:nML5 . ][o\^-^vcr , ilie dQor^r: of corroborci t:ion 
of a t:liuary i;t^ fln» :L^' liOt Cho nunujur of f:astn passed but the ^^everXt^^ of 
the pni^slblu ant! nc tua 1 tests. SciV^riCy Urais dupeadt^ upoii tQatabliity , 
a ruflacLion of I'm dof^v^xr. of Eal^t j riabilAty . lau p^rantar thn emplrieal 
cnntinil: of a t:lii.*or>S tliG gtaatGi: tbci pojionjlat^ uu^riiB Q): corcobui: nnlDn. 
Thu ricnual ror robocatLon o? n theory is naver actribiiLcid to tha thc^prv 
aloa-, trtitli might bt^, Attributing soum cU^grea of corroboratlori to a 
thttory raqairuy roFeranco to the baalc yLaLamf^uty which have be^oa 
acicepUpd up to a parnlcuJar time in tbe cDurse of dGVLslng; and 
conductlii:\ deductive tests oC the theory,^ 

Popper's argum£iut takes ■*observabl& evunis" and "Individuals'* 
as nia>:inial kinds of parciculars in a categorisatiofi of o^jRcts. Con-^ 
KtLttitiv«i and ind Ivi juat Ln- attribute^ ava ^nr^iuiUd f.n Lilic following list 
of propasltioas which appear to Int-raally incorrigible with respect 
to his ziaalystB of science, as described above, llie fir^t statement 
^ndlcn. Gs that the maKimal Iclnd -bbsBrVcibla everT':^;" could be ida^ntified 
equtvab^ntly as '-TTiatGriaL ob^octsJ' The former te;rm iti used more 
frequently by Popper, 

1, Observable cvantP itivolvc "... position rind movement of 

2 

iiuicroHcop ic physical bodies,'" 

2. rhere is an absnluta contrast betwuen inrhLvldual concepts 

and iiniv-rsal cotiCGpts, 

3, There is an absolute contrast betv/e'^n singular Btatements 

and strictly universal statements. 

4. Baalc stateinents dej:nrlbe the oncurr^vace of observabla 
events In individual regions of spacr and time. Ihcy have the logical 
form of singular existential staLements* 



Ibid, , pp. 251-276. 
^Ibld, , p. 103, 
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3* Sr i.oat:if >-c; hypo t;buBt»s prohlbA t: , Eoi: all rG^^Lons oP space aiid 
t Hill:! n aU laaBt; nnu Gvant,^ tii^^y Ufive t:ii^ looiral form of strictly 
Lini, ver^uil n tut enienl: . 

6. TncLivicluals ran cigtree to adopL mei:hoclolQgicaL rules for 
dealing with tscxcntific staneinents ^ including the rule that nil other 
mciLhodolDglcal rule n muat be designed so tiiat no scientific statGinent is 
protected fi'o^Ti f aln iLication* 

7. Basic s (:atementt-i arc accepted or rej ected by agreeniant among 
iu.diV3 duals conceralng Gxperlencos wliicli test deductive consequaiices of 
a scLcntific hypothr^.Bis . 

8. Scientific hypothsB^? can be compared in t:arrns of sige of 
ci as a of pD L: a a l 1 a I f al a i T i t: r s . i ho s e w 1 tli t ha h 1 gh es t ' 'd cgr a f 
faisli:iabllity " are prHCovred. 

9. Scientific hyootheseis can ba compared In terms of tlie 
savi^rity of pDSkrlblc and actual testing of tlieir deductive consciquences . 
Thoi\^ v'ith the highest '*degrae of corroboration" are preferred. 

Cla'scical logic is the primary logic underlying Fopper's 

categorial framsu^ork. Deductive testing Is based upon the moAlB toltmns 

of classical logic: . * : -If p is derivablci from ifrj and if p is 

2 

fcilBC!, then t is alan false J'' In tht^ terms used by Popper ^ tne 
acceptancs of; a basic statoment which negates a prediction deduced from 
a conjunction of an hypothesis and initial conditions negates that 
conjunction of hypothesis and initial conditions. 

The resolt^tion of raetaphys leal issues 

Several aspects of Popper *s metaphysical positlDn wero indicated 
im t^le introductory ireTTiarks, in notations that Popper would davelop alter 
native answers to several qu'^stions -which t'/are also of concerri to Carnap* 
Popper's argiimGnt: excands the criterion that statements of empirical 



An ^'event" denotes what Is universal about an occurrence. I bid . 

pp. 88-89. 

^Ibid,, p. 76. 
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t\rtc)\\c.c inunt ba faJ^dfi* bLa by experience. Poppej: thus rejects the view 

th u: induct we vociflcatlon dlBtinguishes scientific froiti metaphysical 

staLoinonts* Thla c oil eluding segmtint of the aiialysis of Popper -b argument 

uKrindD'^s in Bonie-cwnat greater detail his treatmaiit of three Issues already 

nieutionc'd; tlia Achl^ivcmQat of objectivity in sclGncGj the natur© of the 

tinipirical basis aC saluricQs and the nature of scientific progress. 

Popper acliLavQB m objec?:ivej non-psychologlstic perspective by 

rcqiiirlTig that al\ sclaFittfic statements be inters ubj ectlvely testable » 

W\^t\ he ^on^lder^i tbe vIgi^ts of C^rnap, Neuraths and Rcininger , he finds 

thent Jacklnj bLscaiise they ask how experience can be defanded against 

doubt, nr justified, Carnap in particular is characterized by Popper as 

tianslating t:ha psYchalogistlc apprcach into the formal Tiiode of speech by 

rmlntalnlng tnat senteaceo which dascriDe "the contents of immediate 

eKperlenca'^ do net require confirmation. Popper alternative proposal 

calls for a sharp distinction betwaen ohjectiife science and our knowledge 

of facts by oliservatioii. For Popper^ '^our knowledge'* does not establish 

tlie truth of any stateinent* Accordingly ^ the eplsteiTiQlogical question 

is not "On t^hat does o'lr knot^ladge rest?" but rather "How do x^js test 

scientific statements by their deductive consequences?"^ In a footnote 

to the Etiglisb £ranalatian.| Popper poses this question as "How can we 

best CT^itiai-B3 our theories (our hypatbeseSj our guesses), rather than 

2 

defend thein against doubt?*' 

Popper sees his account of the enipirlcal basis of science as one 

which distinguishes him from both positivists and conventionalists. The 

testing of theories depends upon decisions to accept; or ireject basic 

stacementSj not upon tha justification of basic staCetiients by our 

linmedlate experiences as positivists maintain^ and not upon decision to 

3 

accept universal statements as conventionalists maintain. Popper does 
not require "final certainty" of science* Insteadj as already IndlcEtedj 
Popper wishes to account for our choices between competing theories and 
for the processiis by which new theoretical systems euparsede previously 



^Ibld, , pp. 95-98. 



T^bld, , p. 9£ 



^ Ibld , , p . 109 , 
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accepted ones. The following metaphor conveys some sense of Foppex's 
associated view of the empirical basis of science* 

The empirical basis of objacti^/e science has thus nothing 
^absolute' about It. Science does not rest upoa solid bedrock. 
The bold structure of Its theories rises, as it vere, above a swaRp . 
It is like a buildliiE erected on piles. The piles are drlyen dowa 
from above into the swampy but not down to any natural or 'given' 
base; and if we stop driving the piles deeper^ It Is not becauso 
we have raached firm gxotjnd , We simply stop whsn we are satisfiad 
that the piles are fira enough to carry the structure, at least 
for the time being, ^ 

In the conteKt of bis discussion of empirical conLent, Popper 
provides an interesting analysis of the concept of '-simplicity J' He 
notes that philosophers of science have often attached considerable 
importance to simplicity wlthnuLt critically examining its us a, Popper 
identifies three semes of siniplicity---aesthetlC5 pragmatic., and apis- 
temo logical— and rejects the first two as ''extra-logical" uses of the 
concept, Epistemologlcal sintpllcity raises questions which can be 
ansv/ered, from Popper's perspecti\re, by equating this sense o: simplicity 
with degree of f alsiflablllty "Simple statements^ if knowledge is our 
object, are to be priced more highly than less simple ones jMaauBQ thi^y 

t&tl us more J beMUB0 thmi^ empMaal aantmtt is gmaterj md beaause 

3 

they are bettep ieat^le.*- 

Popper concludes his analysis of science In The Logic of 
Scientific Discovery vith a simunary of his view of hov science progresses. 
Ha regards the succeislve replacement of theories by better ones as 
advances not by induction but by achievement o£ greater degrees of 
falsi fiabllicy and corroboration. While the greatest poesibla 
universality is desired of theories, the need to test new theories 
demands that they also address the eKistlng SGlentific "problem situation J 
Popper readily admits the potential contribution of metaphysics to the 
solving of problems, yet he consistently einphasiges the Importance of 

4 

testability for reaching empirical declelons betveeri competing theories* 



2 

^Ibid. , p. Ill- ifeii-' PP- 136-1*5. 

^Ibld,, P. 142. ^Ibld., pp. 276-278. 
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Caujiactiiirca or hyporih^uas for solvinB prc)bln:;u. imrit noL bti 
clePtriiclad but ratlior cr j f , L ci^' k1 by at:t:anipt:H to dumcuiB trn Ut tih.^ir 
rorutatLon. As hln clj^jnf; ra:na;^kB xndicaUo, PoppGr han iutcrpirntad 
Hclcncu in a v?ay v;hlch Gmp> ci:ii;^c.4 crlliicism and rajQctfi Uig view of 
p r □ r G s s t C5 w a r d cc ir t ri i ri t / . 

The old sciGatlfic ideal of apisbima--oi absclutGly certain, 
damonsCrnblG kaowlQap2'--hcLB proved to be an idol. Tho domand for 
sclQatif ic objectivity makes It Inevitable t'lat cv&ry scientific 
statement must rematTi tt^>%tcvHv@ foP avaiK Lt may indeed be corrob-- 
orated s but tivary QotruboratioLi Is relative to other statements 
which, again, are tsiUatlve. Only in onr B^ibjective eKperieiices 
of conviction, in cur subJectlvG faith^ can we be ^absolutely 



certaxu 



, Science Tie\=er pursues the illusory aim of making its answers 
finals or even proliablG. Its advance is, rather, towards an infinite 
yet attHinatle aic- that of ever clibCQverlng new, deeper^ and more 
general problsms, and of subjectiug our evp tentative answers to 
ever renewed and mBt inore rigorous tests *^ 



Kuhn [ b Analysis of_ Science 

In t r od u c t ion 

In The S t ructur e Q£_Sc_lent^ic3evolution£, Kuhn presents an 
argument that science Ims developed by the occurrence of revolution-like 
changes in research p^.rapectives shared by communitlos of scientists. 
His concern with ^piste^olDgical Issues in science is secondary to his 
stated aiTn. to outline a conception of science drawn irom . . the 
historical record of the research activity itself."^ Kuhn regards his 



°^Ibid, , pp, 280^281. 

^Kuhn, The_Str^tuge of Scientific Revolutions^ p. 1, Kidin's work 
was first publishSTin^lir a time oF major curriculim development 
projects in the natural sciences. Its argument has received considarabla 
attention in education as well as In history and in philosophy. Among 
recently trained science teachers, Kuhn's book may be the bast--known 
work of a philosophical nature which la not addressed directly to the 
teaching of science. Of such works addressed directly to science 
teaching' those of Joseph Schwab may be the bnst known. Schwab's 
catagorles of "stable" and "fluid" science in The Teaching of Science as 
Enquiry (CambridBes Harvard University Press, 1962) have been compared tc 
Kidin's categories of •'normal" and "eKtraordlna.T^''sclence. Schwab s work 
and the Issues assnclated with that comparison are not traated here. 
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work no tlie GxpTC'yMion of a now hldtiariogmpliia parsptictivci which inter-- 
prnts rejjectad tlieorlaa of sclonce as aohorent In thQir own time, not an 
'^uytlis" tTroiu which a I'qw lasting coiitributions have aurvived to the present. 
Accordingly, Kuhn rojecta tha vIgw that sclance dGvclops by an accumulation 
of true conclusions rGachad by following iiiethods uniquely appropriate to 
soiaatiflc rcGenrch. Kuhn argues that science develops by "revolutions" 
in which a community of scientists accepta a new ''paradigm*^ as the basis 
for Its further research, 

tha concept of "paradigm" plays t^o essential and quite different 
roles in Kuhn's argument. The second edition of The Struc ture of 
£cl ontifiG Revolutions contains a "postscript"^ in vhleh Kuhn explicitly 
di.oti ngiashes the two senoes of "paradigm-- by introducing the terms 
''examplar" and "disciplinary matrix," The description of Kuhn'a 
argument begins with a sketch of the major features of Kuhn's original 
perBpectlve on the development of science. In that sketchy the term 
"paradigm^' is used temporarily; its Wo senses are eKamined in the 
detailed analyBis which follows. 

An init ial outline 

Kuhn's Interpretation of the historical development of science 
is based upon the identification of periods of "normal science," 
separated by periods of "extraordinary scienca." In periods of normal 
science, a coinraunity of scientists is united In the acceptance of a set 
of previous achievements as an adequate basis for Its research. Normal 
science is regarded as "puxale-solvlng J* The shared paradigm suggests 
that nature will behave in certain ways which scientists seek to 
demonstrate. The three major puaEle-solving activities are deter- 
mination of iniportan]: f acts , matching facts to theory ^ and further 

2 

development of theory • 

Nornial science , or the conduct of research according to a shared 



Ibid, , pp. 174-210* 
Ibid. , pp. 22-34. 
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parncligmi is takciii hy Kulin m a ^ign o[ mntuulty In a particular fictcn- 

tific fiold. Tha individual yniuntiint: faces roHC*ardi pu^^les raUhor thnn 

clGbato ovor f undaniCiut:als , Tlia pnradlgni rcprcHcmtii ncceptGd adiievGmonts 

^/hlcli ho inay take far graiited and usG to guide his work^ be it concerned 

with data^ theory, or both," The concept of paradigm draws together all 

the rion-obsRrvational commitments shared by a community of acientiats. 

ThcBe innludfe lawSj concepts 5 and theories | preferred type^ and ubbb of 

Instrumentation I niethodological coiranitmants ; and tnetaphyslcal commltnients 

2 

about tliG fundamental constituents of the universe, 

Kuhn argues that the puEZle'-solving of normal science eventually 
and inevitably enco\iriters anomalous phenomena which cannot be eKplained 
by the rules of the existing paradigm. The resulting "crisis-' marks a 
period of ^^extraordinary science'- in which the paradigm is called into 
question and na^^ candidates for the status of paradigm are daveloped and 
compar'ed as part of the effort to resolve the crisis. A *'scientlflG 
revolution" occurs x^hen a community of scientists accepts a new paradigm 
and thereby rejects the shared commitments which previously guldad its 
research . 

All crises begin ^^Ith the blurring of a paradigm and the consequent 
loosening o£ the rules for norraal research , In this respect research 
during crisis very much resembles research during the pre^paradigin 
periodj except that in the former the locus of difference is both 
smaller and mora clearly defined. And all crises close in one of 
three ways. Sometimes normal science ultimataly proves able to 
handle the crisis-^provoking problem despite the despair of those 
who have seen it as the end of an eKlstlng paradigm. On other 
occasions the problem resists even apparently radical new approaches* 
Then scientists may conclude that no solution will be forthcoming in 
the present state of their field. The problem is labelled and sat 
aside for a future generation with more developed tools* Or^ finally, 
the case that will most concern us herej a crisis may end with the 
emergence of a new candidate for paradigm and with the ensuing battle 
over its acceptance. , • » 

The transition from a paradigm in crisis to a new one from which 
a new tradition of normal science can emerge is far from a cumulative 
process J one achieved by an articulation or eKtenslon of the old 
paradigm. Rather , it is a reconstruction of the field from new 



Ibid, , pp, 10-22. ^Ibld ., pp. 40^42. 
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f iindanientals , a racouat: rue t;lan that: channcs yomG of the flGld'fj most 
ol.umcuitnry tihaotctical geaGralLKaLioas ay wall as litnny of Itu paradigm 
ineiJluKly antl appllcaLioiia , -I- 

Kului BuggaatB t:liat: diffGranl: paradigma arc comparable to dlfferciut 

vluv/« of tliG woi^ld, Thay cannot ha used to judyc oacli otherj and they 

can only be -'testad" in coiiipetltion for acceptance by b cornmimity as the 

baulH for itB Bubsequeiit research, Such testing does not seek to deter- 

niine which paridigm is '*right." A new paradtam may be favored if It is 

able to resolve the crisis^ predict unexpected phenonienas or achieve some 

form of siraplif icatlon. Thus progress in science occurs as the result 

of professional decision within the insulated community which shares a 

paradigm, -'The very eKistence of science depends upon vesting the 

power to choose between paradigmB in the members of a special kind of 

comnmriity , 

Kuhn's argument is richly illustrated eind buttressed with 
historical episodes which cannot be included in the present analysis. 
The reader is urged to consult Kuhn's text for the contribution of the 
historical evidence to understanding and evaluating his arginuant* Kuhn 
has followed a position in historiography to its logical implications 
for understanding the nature of science* He finds that normal science 
consists of solving puzzles identified in terms of a paradlgtn shared 
by a community of scientists. Such a community inevitably encounters 
crises in which uneKpected phenomena seem inexplicable within the 
boundaries of the paradigm. Among the possible outcomes of a period 
of extraordinai^ science is a scientific revolution^ in which the 
community accepts a new paradigm to guide its research. 

Four topics require further analysis In the present examination 
of Kuhn's account of science* Closer scrutiny of three aspects of the 
original concept of paradigm precedes a statemeiit of Kuhn's categorlal 
framework. Following that statement ^ additional topics are examined 
to illustrate how Important aspects cf this position are related to the 
categorlal framework. The additional topics are Kuhn's vIct of the 
logic of scientific inquiry and his interpretation of educational issues 



^Ibld ,> pp, 84-=85, ^Ibld, , pp. 153-155, ^Ibid ,, p. 167 • 
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directly rolritcd to IiLk nccoiuit of sciDncu. Tho question of how a 
diBciplina ry inaUrix cunipnroa to KUvtmv- & concept: ol a catcigorial rrama-- 
work 1b nltiu conaidnrcHl. 

Kuhn 's tw o^dl st: Lnct usgs 

In the first odition of his work Kulm used the term "paradigm'^ 

In a variety of diffGrent ways,^ Kuhn maintains that tx^o distinctly 

different uses of the term remain if stylirtlc variations sire dis- 
2 

regat^ded. He proposes the term "disciplinary Tiiatrl:^" to Identify his 
use nf paradigm to refer to all the shared non-observational commitments 
oP a scientific community ^ the totality of beliefs xdiich may be ravlsad 
x^;hen a nei^ baBla for research Is accepted. He proposes the term 
"exemplar** to identify his use of paradigm to refer to that componant 
of a disciplinary niatrlx >/hich bears directly on the process of 
perception* Separate discussions of these two terms are followed by 
specific ccnslderation of the relationship between a community of 
scientists aud its disciplinary matrtK* 

Paradigm as disciplinary matrix 

Kuhn suggests the term "disciplinary matrix"' because It Indicates 
that there are several types of commitments shared by the researchers 
in a particular area of gpeciallaation . The concept seems to Involve 
what Korner refers to as a "unifying attrlljute," In this case^ four 
separate particulars are unified by being shared by a community of 
scientistB as a basis for research. 

The first and most obvious type of commitment is a scientific 



For an elaborate analysis of this variety of uses, see 
Margaret Masterman^ "The Nature of a Paradigm," in Imre Lakatos and 
Alan Musgrave (eds,)* Criticis m and the Growth of Knovrledge (Cambridge s 
Cambridge University Press ^ 1970) * pp* 59-89* 

^KuMj The Stru cture o f Scient ific Revolutions^ pp. 181-182* 
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Uhecry or group oC du.orl.e«--nntural laws and tlia concepts aasocLaUcd 
with cUcnn. In hLs posCncrlpt, Kuhn speaks of. SX^olic gengrgllzatlpns 

as . . the EoriiKil or the jraadily formaliKnbla components of the dis- 

clpiluary matrix.""^ Ona important rolD of symbolic genaralizations is 

to parmit thu usfi of IohIc and mathematics in the course of puzale- 

solving. They alfio contribute to the identification of puzzles and to 

tlio acceptance of solutions. Huhn sees these generalizatlona functioning 

not only ris natural laws hut also as definitions of some of their 
2 

include d symbols , 

The commitments which Kuhn orlginaliy described as metaphysical and 
methodological have subsequently been describad as shared beliefs in 
particular models, "n'tlier heuristic or ontological. Kuhn sees shared 
laodels as th« Kource of a group's . . preferred or perraiasible 
analogies and metaphors."^ As such, they also contribute to the ^ 
identification of puzxlcs and the recognition of adequate solutions. 

The third type of shared commitment Is the vaj-uea^ which are used 
to judge predictions and theories. Here Kuhn is thinking of criteria 
euch as accuracy, quantitative form, consistency, compatibility with 
other theories, and aimplicity. These are commitments associated more 
with science in general thaa with particular scientific specialities, 
llence values .-re likely to be shared across a number of communities of 
scientists. Values are particularly significant in the recognition of 
crisis and in the selection by a community of one disciplinary matrix 
over another. To explain the fact that these processes are not 
characterized by group unanimity, particularly in their Initial stages, 
Kuhn points out that values can be shared by a group o£ individuals and 
yet lead to different individual judgments in thp-r actual applications. 



^Ibid. , p. 182. ^ Ibld . , p. 40 and pp. 182-184. 

^Ibid. , p. 184. ^Ibld . , pp. 41-42 and p. 184. 

^Ibid. , p. 42 and pp. 184-186. 
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The fourth component of a disciplinary matrix was originally 
Indicated by the term "poradigni,'* as was tlie entire disciplinary matrix 
of which it is a part. With the term ''eKainplar" ICuhn refers to a 
"problem^solutlon** which illustrates how a syinbolic gGnexaiization is 
applied to phenomena. 

Paradigm as exemplar 

Kuhn regards his concept of ''exeniplar or *'shared example,*' as 
one of the major contributiona of his analysis of science. The concept 
reinterpreus a particular characteristic of the educatloii of scientists 
and indicates an important aspect of the ^^ay Kuhii views the process of 
perception. Kuhn contends that solutions to a variety of problems 
provide not practice in the appliGation of theory alre^J^ learned , as 
commonly thought * but rather additional scientific knowledge J ronm 
which cannot be eKpressed in rules and criteria. At isa\ie Is the 
question of how a student of science leaina . * how the scientists 
of the community attach the eKpresslon [of a symbolic general iEation] 
to nature,"^ Kuhn's answer la that doing eKemplary probleins results 
in * • ability to see a variety of situations as Like each others 

2 

as subjects for £^ ~ ma or some other symbolic generalization, . * 

Having completed a number o£ eKemplary probleinSs the student of science 

has come to share with other members of m comiTiunlty * * a tlme^tested 

3 

and group-=licensed way of seeing*" 

Kuhn's broader point is that tnambers of a community of scientists 
have learned 5 by means of eKemplars* to see different eituatlons , • 
as like each others as subjects for the same scientific law or law- 
sketch-"^ In his original argiiment for the priority of paradigms i±n 
the disciplinary matrix sense) over shared rules ^ Kuhn cites 
Wittgenstein's concept of a "family resemblance" and Polanyl' s concept 
of "tacit knowledge" acquired by practice and not fully analy^abla in 
terms of rules for practice,^ In his postcriptj Kuhn eKplicltly indicates 

^ Ibld> . p, 188, ^tbW. , p, 189, ^Itld , 

^Ibld ,, p. 190* hbid. , pp. ^4-45, 
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that he is dlsaatisfled with the position, deseended itom Deseartes, 

that percBptlon la an unconscious but Interpretive proceis, Kuhn 

rejeets the om-to--otie identification of itlmuli with sansations and 

argues that , * the route from stimuluB to seniation is In part 

conditioned by education, --^ Kuhii takes the poiltlon that "the knowledge 

of nature enibedded In the stimulus-to-seniation route" cannot be fully 

sxpreised in rules or generalizations , but Qthiwlst has all the 

chamctariities of knowledge* Sueh knowledge is transTOttted hy the 

2 „ 

study of the shared eKemplars of a partieular connnunlty* * . * vnat 
perception leaves for interpretation to complete depends draitically on 
the nature and amomt of prior experience and learning* 

The ralationship of a disciplinary 
matrix to a coiro iunlty of selentlsta 

One further iisue remains ^ concerniiig the relationship between a 

conimunity of acientisto and its die ciplJ nary matrix. As Kuhn has pointed 

out I his original use of paradigm is cirQulars for a paradigni is shared 

by the members of a conmiuntty of scientists and yet that Goniiftunity la 

4 

said to be composed of those who share a paradigm* 

Breaking this elrcularity tndlcatss the ontologlcal status of 
these two particulars and the methods by which they are identified in 
the historical records cf sclencep 4 conmunity of soientists is 
ontologtcally fundamental In Kuhn*s account* Identifying the disci- 
plinary oatrlK of a particular comiunity is dependent upon the prior 
Isolation of the ccmmunlty which shared or shares the matrix. Engaging 
In puzgla^solvlng research is a constitutive attribute of a ccnmiunlty 
of scientists, KiAn suggesta a ntmber of characteriatiaa which could 
strve as Individuating attributes* Among these are area af research 
Bpeclallgatlon, pattern of education and entrance into the scientific 
profeislon, technical litgraturei and formal and informal netvorks of 
aoiranunlcation,^ Onca a conOTunlty of scientists has been Identified, 



'-Ibid, , p. 193. "Ibid, , p. 196, ^Ibid , , p* 198. 
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historical reconstruction of Its disciplinary inatrl>: may proceed by 
studying that community to determins the relevant attributes of Its 
research and its members' education, 

Kuhn's categorlal fr ameworK 

Kuhn's analysis of science taltes material objects, individuals, 
and cominunitiea of scientists as maxiinal kinds of Indapendaiit par- . 
ticulars. The following Internally imortlglble proposttloiis express 
constitutive and Individuating attrtljutes associated with the maximal 
kinds einployed by Kuhn. 

1. A community of scientists shares a disciplinary Tnatrlx which 
serves as the basis for research, by providing IndivlduaL niembers with 
criteria for Identifying puzzles and evaluating proposed solutions. 

2. A disciplinary matrix has four components, eacb of «hich 
contrlbntes suggestions about the behavior of nature—the properties 
of material objects and the characteristics of their Interactions. 

a. "the formallzable natural laws and their associated 
concepts," referred to as "symbolic generalizations" 

b . beliefs in particular heuristic and ontological models 

c. values used to Judge predictions and theories 

d. "problem-solutions which Illustrate how a symbolic 
Seneralization is applied to material objects," referred to as 
"exemplars" 

3. Exemplars represent scientific knowledge not expressable In 
rules and criteria, and this knowledge conditions an Individual's per- 

ception off phenoinetia* 

A. The generation of alternative matrices by Individuals occurs 
most actively when the currently-accepted matrix falls to permit a 

puzzle— solution • 

5. A coimnunity of scientists selects from amotig competing 
niatrices the one most adequate for its further research. 

Classical logic Is the primary logic underlying Ktjhii's categorlal 

framework. 



110 



102 



KuhnVB view of thQ IqrI^ 
of scie ntific inquiry 

From Kuhn*s perspective, eplstetno logical issues come to the fore 
duritig periods of crisis^ the only times whBn tt is either passible or 
appropriate to "test'* paradigms. It Is part of his concept of norrtial 
science that the members of a comniunity agree not to challenge or criti- 
cize the disciplinary matrix upon whtch they liave agreed, in order that 
puzzle^^solving may proceed without restrlctloii* ICuhm suggests that 
attempts to develop prDcedures of verlf Icatloii or falsification hav^e 
failed to recognize a dxstiTictlon which hie accomt o£ science iderttlfies 
the distinction between anomaly and subsequent crisis on the one hand 
and inatriK competltiori and selection on the othar. 

Kuhn rejects theories of verif icattoni whether absolute or 

prohabilistic, on the grounds that they require "pure or neutral 

observaLion languages" whlcli he regards as unachievable*" This position 

is related to his thesis about perception^ which rejects the vlewr tliat 

sensations are fixed and neutral. Kuhn contends that any such language 

2 

will contain some expectations about nature, 

Kuhn's argument against Popper's emphasis of the Importarice of 
falsification reflects the differences in their categorizations j orily 
Kuhn takes communities of scientists as a maxlraal kind of particular* 
Kuhn sees a parallel between falsif Icatioa and the anomalous ex- 
periences which can lead to crises, but he expresses doubt that faL= 

3 

slfying experiences ex;ist at all," This is but one point In an e^cten- 
slve and continuing debate between Popper and Kuhn- One of their niajor 
disagreements concerns the place of criticising which Kubn limits to 
eKtraordinary science but i^rlilch Popper matntalns must continually be 
part of a sclentlit's attitude, Kuhn tends to argue that his account 
of science la the sociological counterpart of Popper's perspective^ 
perhaps the other aide of the sarae coin* Popper rejecti such an Inter- 
pretation on the grounds that there are fundamental differences vrhlch 



1 2 3- 

nbld ., pp. 145-146* Ibid ,^ pp. 126-127. Ibld .^ p. 146. 
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separate them* ^ 

Kuhn suggests that elements of both verification and falsification 

aie preservred ±tl his account of extraordinary science and scientific 

revolutions. Anomalies, w^tiich may proiroke crises and Che generation of 

alternative disciplinary matrices, raise the issiia of f aloif Ication cf 

the current matrlK. Theiij the actual occurrence of a scientific revo- 

liition by a conununity-s decision to reject one laatrlx and accept another 

could be viewed as aa event irwolvlng both verlflcatlQti and falsification 

This poeture suggests , correctly^ that Kuhn does not wish to apply the 

coricapt of truth In the context of theory-competition. SlmJlarlyj Kuhn 

rejects the notion that scientific progrfess repi^esents movement toward 

the trtie represent atlor of "the real world*" At the close of his 

original edition j he suggests that development night be better viewed 

3 

as "evolution froin" rather than ''evolution toward*" 

The educational Issues in 
Kuhn L_^_ajialy5l^ o £ _s c len ce 

Kuhn's perspective on the nature and coniequences of educatloR is 

Influenced by his attitude toward the process of perception and his 

thesis that a disciplinary matrix Is shared by raenfters of a community of 

scientists. Three related issues arise In the couTSe of his arguments 

(1) that knowledge is embedded In exemplars suggests a relnterpretation 

cf the function served by problem solutions | (2) mcmt icientlfle teact-^ 

tooks mask scientific revolutions, and (3) eristlng patterns of edu-- 

cation are well--suited to the training of scleiitlsts. 



The debate between Popper ^d Kuhn and their respective adherents 
Is well esqprcssed In the essays Included In Ittrg Lakatos and Alan 
Mus grave Ceds.)i Criticism and the Growth of Raowl^dge , 

2_ 

Kuhn^ The Structure of Scientific Revolutioiis » p» 147. 

3 

Ibid . ^ pp. 170--173. See alio Kuhn's essay , "Reflections on ray 
Critics," In Lakatos and Mus grave Ceds.)^ Critlclsn aitd the Growth of 
Knowledge I pp* 264^265, 
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U'he first issua Ims already bean discussed In fe^ome detail. 
Problem solutipns are seGn as giving empirical contcrit to thaorlGs , 
not practice in Che application of theories. Along vrith his rejection 
of attGinpts to demonstrate tho verification of an Individual theory (or 
disciplinary matrix), Kuhn rejocts tUc idea that problem solutions In 
textbooks provide a studfent with ovldence for a theory and reasons for 
b^llGvtng it. 

But science students accept tlieortes on the authority of teacher and 
texts n.ot because of evidence. What alternatives have they^ or v^hat 
competence? The applications given In texts are not there as evidence 
but because learning them is part of learning the paradlgni at the 
base of current practice. If applications were set forth evidence ^ 
then the very failure of texts to suggest alternatlva interpretations 
or to discuss problems for which scientists have failed to produce 
paradigin aolutions would convict their authors of extreme bias. 
There is not the slightest reason for such an Indictmeiit 

The topic of the influence of scientific textbooks Is part of 
Kuhn's view that science develops by revolution^ not by accutnulation. 
Tentbodk^ are credited with perpetuating the idea of accutaulation so 
effectively that the revolutions Kuhn finds so numerous have gone un- 
noticed by historians and philosophers ^ ^^ho often relied upon textbLoks, 
The task of tranBmitting the current disciplinary raatrlx^ Ineluding 
exemplars, is wmll served by textbooks , and for that task of transmission 
there is no need to idoatify discarded matrices. One significant 
result Is the neglect of evidence for revolutions. 

Partly by selection and partly by distortion^ the scientists of 
earlier ages are implicitly represented as having worked upon tbe 
same set of fixed problems and in accordance with the same set of 
flKed canons that the moRt recent revolution in scientific theory 
and method has made seem scientific* No wonder that tesctbooks and 
the historical tradition they imply have to be rewritten after 
each Bclentiftc revolution. And no wonder thatj as they are j 
rewritten, science once again comes to seem largely cumulative* 

The third issue follows directly from the second. Even though 

teKtbooks conceal the existence of revolutions ^ the use of tesctbooks In 



Kuhn J The Structure of Scienti fic Revolutions^ pp* 80-^81. 
^Ibld,^ p. 138. 
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the training of scientists has baen highly effective. By implication, 
training-by-textbooks should continue, despite its rigidity and narroi^ 
scope. Most scientists engage in puzsle-solvlng, and it is not likely 
that one GOuld train Individuals to invent alternatives in the absencG 
of anomaly and crisis. Tims Kuhn is permitted the luKury of condoning 
the use of teKtbooks whiah mask revolutions by hts position that a 
crisis occurs in a coitmunity of scientists^ Inevitably and beyond the 
influence of individuals to bring it about intentionally. 

One Is left to speculate about what Kuhn expects scientists to 
make of his perspective on science and how he would have science taught 
to non^scientists * It seems that scientists are to continue as they 
always have, perhaps deriving some satisfaction from being told ttat 
crises must he expected to occur at Intervals, It Is clearly beyond 
Kuhn*s task to speak directly to the question of general rather than 
professioiial edueatlon In science, Kuhn's analysis suggests that 
textbooks for professional education will not serve the needs of 
general education. The ^alysls also identifies many Issues to be 
examned by those who seek to understand science rather than engage 
in scientific research* 

Disciplinary TnatriK and eategorial 
framewo rk: a comparison 

Kuhn describes a disciplinary matrlK as the shared non--' 
observatloml and non--experientlal commitments in ^^hich the members 
of a scientific community believe. This is one of several features of 
his anaiyils which indicate the appropriateness of asking how a 
disciplinary matrix is different frora a eategorial framework, On brief 
reflection It sefe^ms reasonable that there should be significant 
similarities between the argutnents made by Kuhn and by Komer^ Both 
euggeat that the Individual experience of changt at the levels with 
which they are concernc i may be comparable to the eKperience of a 
Gestalt-sw^itch and that the experience Involves a change of beliefs. 



Kuhn, The Structure of Scientific Revol utions, pp. 111-112 
and pp. 198--204 i and Komer, Categorlal Frameworks » p, 65. 
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.Kuhn's remark that a model may have a status ranging from ontological 

to lieuristic seems directly comparablG to Korner-s point that conflict 

between f ramework-^principles may result in rejection of one or the other 

1 

or in adoption of the less acceptable! one as a heuristic principle.^ 

That there ara and should be differences Is suggested by cninpari- 
son of Che tasks addressed in the two studtes* ks noted earlier, Korrier 
eKamiries the relationships among an individual's classification of the 
objects of his oKperience , his standards of explanation^ and his meta-= 
physical beliefs* For that task he elaborates the concept of a cate- 
gorlal framework, Kuhn's interests, while similar, are directed 
specifically to science and the nature of Its progress , The concapts 
of disciplinary matrlK and eKemplar emerge from his efforts to Interpret 
the historical development of science and the influence of sclentiats ' 
professional education. 

Perhaps the most ititerascing and relevant divergence betwer n 
Kuhn and Kornar oonci^mis the question of whether different belle^J 
systems are commensurable. For Kuhn they are not, yet for Kornar 
they clearly are, Korner's concept of categorlal framework is in- 
tended to permit the acnie^renient of that possibility, 

Kuhn*s argument about incoTninensur ability la closely related to 
his concept of ejcemplar and the assoclatad thesis about perception, 
Dorninant in his discussion is the claim that there are attributes which 

cannot be eKpresaed in rules, that there are siintlarlties which one 

2 — 

can learn to recognize but which cannot be stated. " The following 
passage is indlcatl%^e of the manner in which Kuhn frames the probletn, 
'iVo men who perceive the same situation dUferintly but nevertheless 
employ the sama vocabulary in its discussion must be using ^7ords 
differently. They speakj that is^ from ^hat I have called Incom- 
mensurable viewpoints, now can they even hope to talk together 
much less to be persuaalve. * * 

The pracclca of normal science depends on the ability ^ acqulired 
from eKemplara, to group objects and situattons Into similarity aete 



Karneri, Cate gorlal Frame^orkg , p* 66. 
^Ibid , , p* 200* 
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which are primitive in the sense that the grouping Is done without 
an answer to the quosttori -'Similar with reBpect to what?" One central 
aspect of any revolutloii is, thenj that some of the similarity rela-- 
tians changQ, Objects that were grouped in the samj set before are 
grouped in different ones afterward and vice versa, 

Kuhn suggests that translation between language communities is 
an appropriate conto.Kt froTn ^Aiich to draw techniques for resolving the 
*'breakdot^m" of communication assoclatad with critically different exem- 
plars^ and this suggestion Siiems helpful* In the end, Kuhn clearly 
acknow^ ddges that translation can overcome the difficulties impo&ed by 
the fact that standards of explanation are Influenced by the beliefs 
expressed In different Tnatrices or frameworks. 

As translation proceeds , furtbermorep some members of each 
cOTntnunity may also begiti vicariously to understand how a statement 
previously opaque could seem an explanation to members of the 
opposing group* 2 

Kuhn is naver clear about vrhether inf ormation is siTOllarly Influenced by 
differences between matrices* His thesis about perception seems to 
imply that it is* 

As noted earlier, It is part of Komer's basic thesis that an 
indtvidual^s explanatory standards and his categorlal framework are 
"intimately related." Korner distinguishes clearly between Information 
and CKplanatlon and concludes that . . explanation is f ramework-'bound 
whereas information Is not,*'^ He goes on to Identify two possible 
errors associated with the false preinlse that there is no difference 
between information and e^^lariatlon. Clearly, Kuhn is not suggesting 
that neither explanation nor Information is framework-bound* Much less 
clear is whether Kuhn errs (fMin KSrner's perspective) in the opposite 
direction of concluding that Information is framework-bound*. As Karner 
notes 5 that conclusion supports the position that users of different 
frameworks cannot understand each other* This conclusion is a theme 
In Kuhn's discussions of the nature of scientific revolutions. 

^Xbid . ^Ibid, , p. 203. 

KSmer, Jategorlal Frameworks t 64. 

4 

Ibid . J p, 65 • 
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KSrner and Kuhn approach this question quits differently, Korner 
argues that "coinmon InforniativG conteiit" is possible even when the 
propositions eKpressing it for each of two Individuals are respectively 
Incompatible with the frmnework of the other. Kuhn argues that there 
are differenceB^ which one cannot fully eKpress In propositions, which 
can create differences at the level of information. The issue captures 
a fundamental difference between the two concepts , disciplinary matrix 
and categorlal frameworks Korner 's perspective pertnlts the observation 
that the dlfferenct is only internally but not externally incorrigible, 

Piinensions of the Analytical Scheme; 
The Nature of Science 

Three accounts of the nature of science , by Carnapj Popper , and 
Kuhn J have been described and analysed in terms of Ktfrner'e concept of 
a categorlal framework. While the results of the analysis are interesting 
in their own rights the analysij has been conducted for the purpose of 
generating a scheme which may be used to analyse the provision an argu>- 
ment makes for the development of views of the nature of science. 

Following Korner^ the categorization of objects by Carnaps . * 

Popper, and Kuhn has been the basic point of comparison. Five other 
issues have been predominant In the preceding analysis p and they appear 
appropriate for use as dimensions of the nature of salence in the 
analytical scheme. The five issues are (1) demarcation of science from 
non-science, (2) ho^ the empirical content of science increases, (3) 
how objectivity is achieved in science^ (4) the relationship of science 
to truth , and (5) how progress is achieved in science* 

The dimensions are presented in Table 1^ preceded by the issue 
of categorization of objects* On each dltnenslpn, the positions taktn 
by the three analysts of science have been stated conclaely. Thus Tabla 
1 eervea both as a sumnsary of the analysis of three aeeounta of the nature 
of science and as a statement of dlmenelons of the analytical scheme 



^Ibld . , p* 64. 
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relevant to the nature of science . In Chapter IV » additional 
dimensions of the analyClcal scheme are constructed in terms o 
argumants which eKamine the concept of teaching* 
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CUAPTER IV 



DEVELOPMNT OF THREE PERSPECTIVES 
ON THE CONCEPT OF TEACHING 

Introduction 

This chapter develops dltnenslons of the analytical scheme rele- 
vant to the concept of teachings thereby completing the task begun in 
Chapter III* Application of the entire analytical schema to assess its 
usefulness in the analysis of arguments about the teaching of acience 
Is carried out in Chapter V. The argument in this chapter has two 
distinct phases. In the firsts descriptive phases five analyses of the 
concept of teaching are reported In considerable detail. In the second, 
interpretive phases perspectives on the concept of teaching are developed 
and then contrasted on various dimensions t^hlch constitute the portion 
of the analytical scheme relevant to the concef:t of teaching* 

Selection of interpretations 
of teachin g 

The lltarature in which techniques of philosophical analysis 
are applied to educational concepts has grown rapidly In recent years ^ 
with some impressive achievements*^ Within that literature the Investi- 
gator has identified more than thirty papers which focus attention on 
the concept of teaching* From these , five have been selected for descrip- 
tion and analysis In this chapter. Each of the five papers develops a 
clear and distinctive contribution to the analytic clarif iGatlon of 
the concept of teaching. 



This topic is considered In several of the essays by Israel 
Scheffler in Reason and Teac hing (Indianapolis, Indiana s The Bobba-- 
Merrill Company , InCj 1973)* That collection of essays Illustrates the 
intellectual development of one Important contributor to philosophical 
analysle of educational concepts and IsaueBp 
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As with the preceding analysis of the nature of science. It 
seems neither necessary nor appropriate to survey the extensive history 
of philosophical analysis of the alms and techniques of education* 
However 5 It Is nppropriata to identify the type of analysis to vbich 
the concept of teaching is being subjected. In contrast to the diver- 
gence of the three accounts of the natura of scleace exatniried In Chap- 
ter Ills the interpretationa of teachtng which are eKaiTiined here have a 
great deal in common , 

This analysis of the concept of teaching efflphaslzea one of SBveral 
possible perspectives on education* Refereace to two dif ferint ways 
of categorizing perspectives on the nature of education factlitatea 
identification of the perspective being afflphasiged. Eisner and Vallance 
examined recent literature In the field of curriciilum and developed a 
set of five categories to identify dlCferentj some%ihat coaflicting sets 
of assumptions which writers tend to take for granted in their argu- 
ments,^ Curriculum is alternately viei^ed In terms of (1) developtnent 
of cognitive processes, (2) technology, C33 ielf-actuali^atlon^ (4) 
social relevance or reconstructlonp or (S) acadeniic ratioiialism* These 
labels effectively indicate the general nature of the divergent 
perspectives recogniged by Eisner and Vallance; elaboration of the 
categories is unnecessary for present purposes. 

A related but shorter list of petspectlves Is presented by 
Crittenden in a paper which explores the relationship of assuinptions 
about the social context and the processes □£ educatioci to the conduct 



One valuable source of inforraation on the histOTtcal develop- 
ment of the concept of teaching Is Harry S* Broudy and John Palmer, 
Exemplars of Teachi ng Method (Chleagoi Rand WcNally I Company^ 1965), 

^Elliot Eisner and Bltgabeth Vallance , "Five Conoeptlons of 
Curriculums Their Roots and Implicatlona for Curriculum Planning*" In 
Conflicting Conceptions of Curriculum ^ ed. by Elliot V- Eliner and 
EilEabeth Vallance (Berkeley, California s McCatchan lubllihlng Corpo- 
ration, 1974), pp, 1-18. 
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of tenchar educat Lon* ^ CritCenclen discusBes InterprGtntlons of educa'- 
tion as (1) ptocanB of socialisation," (2) '-growth through the satis- 
faction of felt nead and interests^" and (3) ^'initiation into public 
traditions of human undarstandlng. " These interpretations sem to cor^ 
respond respectively to the c. cegories of social relevance or recon-^ 
structlon, self-^actualizationj and academic rationalism in the Eisner 
and Vallancu analysis* 

The following analysiB of the concept of teaching is dominated 
by the perspective of academic rationalism or ''initiation into public 
traditions of human understanding,'' This perspective is most comple-= 
rTientary to the preceding analysis of the nature of science. It is also 
the perspective which provides strongest support for philosophical 
analysis of the concept of teaching and accordingly occurs more than 
the others in arguments seeking analytic clarification of the concept. 
Because conflicting views on teaching are discussed within aach of the 
five arguments selected for examinations it is possible to develop 
alternative positions from arguments which share a common perspective 
on the nature of education. 

Overview of the analysis of 
the concept of teaching 

Consistent with the study's focus on teacher education^ the 
analysis of the concept of teaching assumes the perspective of the 
teacher and considers both ends and means—what the teacher is trying to 
achieve and how he goes about it. The nature of knowledge and the posi-- 
tion of the learner or pupil are related to the role of a teacher within 
the general school setting. 

The sequence in which the five interpretations are presented is 

2 

quite deliberate, Michael Oakeshott's essay ^ "Learning and Teachings" 

^Brlan Crittenden, "Some Prior Questions In the Reform of 
Teacher Education," Interchange , IV, 2/3 (1973) » l-ll, 

^Michael Oakeshott, "Learning and Teaching," in The Concept of 
Education , ed. by R, S. Peters (Londons Routledge & Kegan Paul, 1967) ^ 
pp. 156^176* 
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provides an initial, ganeral discussion of those two activities when 
knowledge is viewad as an inheritance of distinctively human achieve- 
ments, cornblniug Infarmation and judgment. Israel Scheffler's essay, 
"Philosophical Models of Teaching,"^ develops similar points within a 
specific focus on the concept of teaching. Three models are sketched; 
two have shortcomings which are remedied in the third. Douglas Roberta 
and Uolores Silva reach compatible conclusions in a paper titled "Cur- 
riculum Design, Teaching Styles, and Consequences for Pupils." From 
a perspective of alternate schemes for representing and explaining ob- 
servations, they consider the consequences of different teaching styles 

The discussion by Roberts and Sllva of the different preroga- 
tives of teacher and pupil introduces the broad topic of authority 
which is explored in detail by R. S. Peters In his essay, "Authority 
and Education."^ In the last of the five papers, titled "Socratic 
Method, Platonic Method, and Authority,"* James Ogilvy explores the 
relationship between teaching style and authority and develops yet 
another important dimension of the concept of teaching. 

Each of the five interpretations provides a significant perspec 
tive which is used in the subsequent construction of a "composite" 
Interpretation of the concept of teaching. Korner's concept of a cate- 
gorial framework Is employed in the analysis of two alternate ways of 
deviating from the composite Interpretation. The chapter closes with 
prasentation of the teaching dimensions of the analytical scheme. 

^Israel Scheffler, "Philosophical Models of Teaching," Harvard 
Educational Review , XXXV, 2 (SprinB 1965), 131-143. 

^Douglas A. Roberts and Dolores Silva, "Curriculum Design, 
Teaching Styles, and Consequences for Pupils," Samplings [Journal o£ 
the Future Schools Study Project, Albuquerque, New Mexico] I, 4 C-iuly 
1968), 16-28. 

^R. S. Peters, Ethics and Education (London : George Allen & 
Unwin Ltd, 1966), pp. 237-265. 

^Jaraes A. Ogilvy, "Socratic Method, Platonic Method, and . 
Authorltv>" Educational Theory , XXI, 1 (Winter 1971), 3-16. 
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Oakeahott: KnowledKO as an Inharitaace 
"~ ~ o f Human Achifevements 

Tbn tliGme of Michael Oakeshott's essay, "Learning and Teaching," 
is that the interpretation of knowledga as "a manifold of different 
^abilities*," each a conjunction of Information and judgment, has eig-^ 
nif leant conscquMcoK far one'^^ uuderstanding of learning and teaching. 
Specifically, OakeHhott argues tluic teaching must be understood to in- 
volve two different forms of cominunication--^"lnstructing," or commun-^ 
icating information; and "imparting," or communicating JudgTiient, The 

two aspects of knowledge can be communicated and acquired, buf^ not in 

1 

the same manner and not on separate occasions, 

Basic premis es of the argu ment 

Oakeshott begins by identifying what may be regarded as his basic 
premises about learning and teaching and about the general nature of 
teacher and pupil roles. This is a useful exercise in which Oakeshott 
declares his stand with respect to some familiar metaphors and issues* 

Oakeshott regard;; learning as ", * , an activity possible only to 
an Intelligence capable of choice and self-direction in relation to his 
own impulses and to the world around him."^ His claim is that an activ- 
it:y of which "understanding and being able to GKplain" can be a part is 
dif ferent in aU respects from an activity of which they cannot be a 
part.^ Two basic points are made about teaching, "The counterpart of 
the teacher is not the learner in general, but the pupil." This state^ 
mcnt indicates that attention is focused upon learning which occurs in 
response to teaching* Oakeshott also specifies his concept of what a 



^Michael Oakeshott, "Learning and Teaching," in The Concept o f 
Education, ed. by Peters, pp, 170-176* 

9 3 
Ibid* , p* 156. Ibid*, p* 157* 

^ibid* * 
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teachar communicates to a pupil. "Evfiry human being is born an ht?.ir to 
an inheritance of human achievements , of ' e::pressions ■ of human minds 
to which ha can succeed only in a procass of learning.'' 

With these and related remarks Oakeshott makes it quite clear 
that he regards teaching and learning as concepts to be understood from 
consideration of the nature of knowledge developed by preceding gener- 
ations* He maintains that teaching involves planned rather than acci- 
dental communication, in the presence of a pupil regarded as ready to 

2 

learn what Is communicated to him* "Teaching is the deliberate and 

intentional initiation of a pupil into the world of human achievement, 

3 II 

or some part: of it," Specifically, Oakeshott maintains ", . , that a 

teacher is one who studies his pupil* that the initiation he undertakes 
is one which has a deliberated order and arrangement, and that, as well 
as knowing what he designs to transmit, he has considered the manner of 
transmission. 

Oakeshott completes his opening statement of premises by 
indicating his understanding of the nature of the "inheritance" which a 
teacher communicates to his pupil. The Inherited achievements are seen 
as contingent, not necessary* and neither finished nor unfinished. They 
are more likely to be confusing than clear ^ and they suggest rather than 
dictate ways of thinking. Oakeshott recognizes that a teacher may 
desire some guarantee of the value and permanence of the inheritance, but 
he maintains that such security is not available from any source* 



Ibid. , p. 158, 

Further developments of this point are available in B. Paul 
Komlsar^ "Teaching: Act and Enterprise j" in Concepts of Teaching ! 
Philosophical Essays , ed* by C* J, B. Macmillan and Thomas W. Nelson 
(Chicagoi RandMcNally & Company, 1968) ^ pp. 63-88^ and in Paul Hirsts 
"What is Teaching?", Journal of Curriculum Studies, III, l (May 1971), 
5-18. 

^Oakeshott, ^'Learning and Teaching," p. 159- 
^Ibid, , p, 160, 
^ Ibid . J ps 162* 
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"""'^ Thr^tailed accounting of tho introdnctxon to O.ikoshotf s argu- 
ment in "Lenrntna end Teachins" s«v.a to indicate both the assumptions 
of his perBpectiv. and his careful attention to consistency and compre- 
hcnsivonoss. Against this background, hie ™aln argument can be described 
more concisely. It has been noted that Oakeshotc considers '.hat 
known in terms of abilities comprised oE both information and judgment. 

This conjunction, in a concept of 'abilities', of what we know 
and the" use we make of it, is not designed to ^^^J^'^^^l^ 
merely to indicate the way in wh^'ch we carry about wit,i us what we 
^ay be said to know. . , • What we know constitutes an equipment 
wMch we possess In terms of what It enables us to do or to under- 
stand. ^ 

Information, "the eKpUcit insredient of knowledge," Is composed 
of facts which provide "... rules or rule=like propositions relating 
to abilities. "2 These rules represent either information which is re- 
quired for doing something or criteria for recognising that something 
has been done Incorrectly. Information which explains a performance xs 
a third type of rule-like proposition, but this type of information 
..... is never a component of the knowledge which constitutes the per- 
forraancep 

Judgment, in Oakeshott's view, is the "implicit" ingredient o£ 
knowledge, since it cannot be specified in propositions. "Before any 
concrete skill or ability can appear, information must be partnered by 
•judgment,' 'knowing how' must be added to the 'knowing what' of infor- 
mation/' 

I do not think we can avoid recognizing what I have 
called' 'judgment' as a partner, not only in those abiUties we call 
skill' but in all abilities whatever, and, indeed, more P"ticu- 
lariyln those abilities which are almost exclusively concerned wxth 
inental operations.^ 



4hid.. p. 164. ^Ibld-. PP- ^SM-' 



Ibid. , p 

^Ibid., p. 167. ^Ibld., p. 168. 
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In Hhort, in ovGry 'ability- there is an xnBradiant: of knowl- 
edge which cannot: he resoived into inf ornuit ion ^ and in some skilla 
this may he t\m ^raatQv part of the knowludgn rfiquired for thcdr 
prncticy * ^ 

Tmplicntj^ng ti Gae hing and iQarnlng 

From his premistiS about: tha concern of teacher and learner V7ith 

knowledge as an inheriuanca of human achievement, and from his view of 

knowledge as abiliuies in which infornmtion and judgment are united, 

Onkcshott derives implications for understanding the activities of 

teaching and learnijig* Both activities are regarded as twofold. 

. . . teaching may be said to be a twofold activity of conununicatlng 
'information- (which I shall call Hnstructing' ) and conmmnicating 
'judgment* (which X shall call imparting'); and learning may be 
said to be a twofold activity of acquiring 'information' and coming 
to pOBseEQ ' Judgment \ 2 

The in formation-communicating aspect of teaching is e familiar 
one, Oakeshott's contribution to the analyslB of ^hls aepBct of teach- 
ing derives from his earlier premises. It is a t_-eacher's responsibil- 
ity to select the information to be communicated and to organize the 
information to reveal its "rule-like character." The teacher .nust also 
order the Infurmation to bg communicated and provide exercises by which 
pupils will come to recognize the Information in other forms and recall 
it in appropriate contexts. These are familiar asp^.cts of the activity 
of teaching which Oakeshott has given coherence with hxD view of infor- 
mation as part of a pupil's Inheritance of human achievements ^ into 
which a teacheL strives to Initiate him. 

Oai:eshott's greater contribution to the analysis of teaching is 
revealed in his discussion of the Judgment-communicating aspect of teach- 
ing. In the following passage ha extends his earlier discussion of 
judgment, pointing out that one must learn to think In particular ways^ 
but that this is not done in the same manner as one learns information, 

^Ibid, , p, 169. ^Ibld. , p. 170. 

\bid. , p. 172. 
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'JudgmGntS than, is that: which when united with Inf ormatlon , 
generates knowledge or 'rbility' to do, to make, or to uudcirstiind 
and cKplain. It is beilng able to think^^not to think in no manner 
in particular, but to chink \'ith an appreciation of the considera- 
tions which belong to difforetit modes of thought* ThlSj of course 
is Bomething whi.:h must be learned; it does not belong to the pupil 
by the iight of nature^ and it is as iPuch a part of our civilized 
Inheritances as the Information which Is its counterpart. But since 
laarninf^ think is not acquiring information it cannot be pursued 
in thei Liciiiia way as we add to our stock of information. 

Judf^niBnt XR nn ability li. arned in the course of acquiring infor- 
mation ^ and it can only be imparted by a teacher as he is instructing* 
It is by the ability of judgment that one moves from information to per- 
mit tf>d or prohibited CQncluslons* Thus iudgment may be riost clearly 
imparted at moments when pupils become aware of "concrete situations" in 

which facts are not simply displayed but organised by being used in an 

2 

example or argument. Oakeshott sees the acquiring of Judgment not only 
as learning to intierpret and use information but also as -'learning to 
recognize and enjoy the intellectual virtues" and acquiring "the ability 
to detect the individual intelligence which is at work in every utter- 
anco* even in those which convey impersonal information*" 

The difficulties associated with Identifying and describing the 
concept of judgment: account for Oakeshott 's rather elaborate prepara-- 
tlons for these conclusions about how teaching and learning may be 
understood. These remarks about learning are restricted to learning 
which is, the counterpart of teaching. The two activities of learning 
and teaching are discussed with reference to knoxaledge viewed as a con-- 
tlngent Inheritance of hum.an achievements, against which a pupil comes 
to see himself as uniquely human, and into a portion of which a teacher 
strives to initiate his pupils. From the view of knowledge as abilities 
comprised of information and judgment, Oakeshott argues that teaching 
simultaneously includes instructing in Information and imparting 
judgment. 



Ibid,, p. 173, ^Ibid. , pp. 175-176. ^Ibid . , p. 174. 
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Oakeshott's argument is firmly rooted in the perspective of 
academic rationalism. To some, aspects of his por.itiori will seem 
unduly neglectful of pupils' persnnal eKperiances. His argument is 
particularly valuable for the contribution he discussion of judgment 
makes to understanding Important aspects of teaching, ranging from dif- 
ferences among mode ;i of thought to critical characteristics of different 
styles of teaching. Attention shifts now to the second interpretation 
of teachings developed by Scheffler in a quite different manner, 
Scheffler's position is compatible with Oakeshott's, particularly in 
terms of viewing knowledge as an inheritance and teaching as an activity 
concerned with communicating simultaneously both inforTnation and 
judgmeiit • 

Scheffler: A Metaphor o f 
Princlpied Deliberation 

In "Philosophical Models of Teaching/- Israel Scheffler sets out 
to provide an "indirect" response to normative, epistamological, and em- 
pirical questions about teaching* His technique is to present and crit- 
icise three "philosophical models" of teachings deBignated the impres- 
sion, insight i and rule models. As the argument unfolds ^ it becomes 
clear that the models are not i egarded as equally defensible. The rule 
model is deemed most appropriate because it best captures certain essen= 
tial features of knowledge. 

In his argument Scheffler suggests that the insight model is an 
improvement upon the impression model, and the rule model in turn an im- 
provement upon the insight model* This suggestion is convenient to the 
"inductive" development of the claims being made, but it is not essen- 
tial to the validity of the argument. Here it is more valuable to con- 
sider the impression and insight models for their contributions to un- 
derstanding the rule model. In the subsequent derivation of the teach- 
ing diinensions of the analytical scheme^ the impression and insight 
models are interpreted as attempts to simplify the concept of teaching 
by overemphasizing some features and neglecting others which are 
preserved and balanced in the rule model, 

Scheffler associates each of the three models with a particular 
philosopher, in an attempt to indicate more clearly some of the unique 
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fesitures of each model. Unf ortimatiely , thc^se assaciations cannot be 
regardad as Indicative of thci historical roots of each model, and the 
aGSOciatlons generaCci some problems as they resolve others. The inves- 
tigator here rciports those details of the three models which are most 
relevant to the present task of examining distinctive analyHea of the 
concept of teaching. 

Scheffler opens hia argument with a definition which expresses 
his view that teaching is an intentional activity which must respect 
the learner's aim judgments. "Teaching may be characterized as an ac- 
tivity aimed at the achievement of learning, and practiced in such man- 
ner as to respect the student's Intellectual integrity and capacity for 
Independent Judgraeiit: J'^ Yet this definition does not indicate for a 
teacher what learning he should try to achieve, what constitutes such 
learning, and hm one should go about trying to achieve it* Presenta-- 
tion of the three models Is Intended to develop answars to these 
questions. 

The impression model of teaching 

Scheffler *s first modal of teaching regards knowledge as something 
to be transmitted by a teacher for storage by a pupil. 

The impression model is perhaps the simplest and most ^ideepread 
of the three, picturing the mind essentially as sifting and storing 
the external impressions to which it is receptive. The desired end 
result of teaching Is an accumulation In the learner of basic ele- 
ments fed in from without, organized and processed in standard ways, 
but, in any event, not generated by the learner himself. 
Scheffler presents two versions of this model- One is termed ''empiri- 
cist*' and associated with Locke. The second is termed "verbal" because 
it recognises that "... not only sense eKperlence but language, and, 
moreover J accepted theory" are to be Impressed on the mind. In both 
cases j knowledge is construed as the "stored accumulation" of whatever 
Is presented to the learner. 



Israel Scheffler, "philosophical Models of Teaching," p. 131. 
^Ibid . , p. 132. ^Tbld.. p. 134. 
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Scheffler credits the Impression model with rGcogniaing the 
iinportnnce of eKpericnca, yet he suus the modal as mlsdirectod. Its 
suggestion that the learnar need only store and accumulate what la 
prGsented fails to T©cognize that the learner must be able to use what 
he learns. It also fails to rr cognize the possibility and iniportance 
of ^'Innovation" by thu learner. 



'111 Insight model of Jeachiii^ 

The second model of teaching Is based upon a view of knowledge 
as '*v > sion" or *'inslght into meaning J' 

, . . the '^insight Tnodel" . . . represents a radically different 
approach. Vmere the impression model supposes the teacher" to be 
conveying ideas or bits of knowledge into the student's mental trea-^ 
sury, the iTLsight: model denies the very possibility of such convey- 
ance. Knowledge, it Insists, is a matter of vision, and vision 
cannot be dissected into elementary sensory ^or verbal units that 
can be conveyed from one person to another- 
The teacher can only "prompt" or "stimulate^" if such learning does 
occur, it goes beyond what the teacher has done. And it is this 
"Insight into meanins" which is required for understanding and using 
knowledge, in contrast to storing it for recall. 

Scheffler analyzes the prompting theory in St* Augustine -s dia- 
logue, "The Teacher,'- and subsequently makes a distinction between in= 
formation and knowledge. To know is not only to understand and accept 
information but also "* . . to have earned the right, through one's own 
effort or position, to an assurance of its truth," Ultimately, 
Scheffler finds that the insight model has called attention to important 
points yet, like the impression model, it is incomplete. The impression 
model stresses "conservation" of knowledge in its public, collective 
sense. The insight modal stresses "innovation" and accounts for creativ- 
ity by marking the Importance of the Individual learner's efforts to 
personally come to know, Yet, Scheffler eKplalns, "vision of reality" 
is not the right tnetaphor for truths other than those based upon obser- 
vation or introspection • For propositions in the sciences , politics. 

Ibid , , p. 135, 
Ibid > > p, 137. 
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history, or law, "principled deliberation'' seems a better metaphor, per-" 

mitting reference to reasons, evidence^ principles, and decisions in 

coming to understand what is distinctive about knowledge. 

Beyond the cognitive insight j lies the fundamental commitment to 
principles by which insights are to be crlticlEed and assessed , in 
t\\B light of publicly available evidence or reasons* In sum, then, 
the shortcoming of the Insight model may be said to lie in the fact 
that it provides no role for t^e concept of principles , and the 
associat'^d concept of reasons. 

The rule mode^ o£_tjachin£ 

The third model of teaching Interprecs knowledge through the 

metaphor of principled deliberation , tempering Individual inaight with 

adherence to rules which exist within traditions of scholarship* 

In contrast to the insight model, the rule model clearly empha- 
sizes the role of principles in the eKercise of cognitive judgment. 
The strong point of the insight model can thus be preserved: The 
knower must indeed satisfy a further condition beyond the mere re- 
ceiving and storing of a bit of information* But this condition 
need not, as in the insight model, be taken to involve simply the 
vision of an underlying reality; rather, it generally involvea the 
capacity for a principled assessment of reasons bearing on justi£i= 
cation of the belief In question* The knower, in short, must typi- 
cally earn the right to confldenee in his belief by acquiring |he 
capacity to make a reasonable case for the belief in question. 

Scheffler associates the rule inodel witb Kant's emphasis on rea- 
son and the adherence to rules or principles. The rule model, he argues, 
recognizes and respects the autonomous Judgment of the learner or knower * 
who has a . . right to seek reasons in support o£ claims up^n his cred- 
ibilities and loyalties, and [a] correlative obligation to deal with 
such reasons in a principled manner. 

Ultimately J Scheffler makes eKplicit a point which is implicit 
throughout his argument* The irapresalon and insight models have both 
strengths and shortcomings in their conceptions of knowledge and the 
nature of teaching and learning. The rule model can be regarded as 



^Ibid . , p, 138. ^Ibld*, p. 139. 

^Ibld *, p. 140* ^Ibid* , p, 141. 
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providing a supplement to Chose points which were appropriately [itressed 

by each of the other two models* Scheffler exprasses this feature of 

the rula model In the following way* 

, * . , intermediate between the public treasury of accumulated 
lore mirrored by the impression model, and the personal and Intui- 
tive grasp of the student mirrored by the insight model, it places 
general principles of rational Judgment capable of linking themT 

Thus Schaffler's rule model of teaching indicates that a teacher's task, 

in its fullest development, is to make it possible for a learner to enter 

into living traditions of scholarship. Knowledge must be preserved, 

yet each Isarnar must make it his oim. He can do so only by respecting 

the tradition of principles from which the knowledge has emerged. 

By a different route^ Scheffler raaches CQnclusions which are 
consistent with the position developed by Oakeshott, Scheffler moves 
through several metaphors and philosophical positions to a stance which 
reflects the same concept of "inheritance" with which Oakeshott begins 
his argument. The parallels between information and impressions on the 
one handj and between judgment and vision on the other, are not coinci- 
dental, Scheffler' s account concludes with a synthesiElng metaphor 
expressing the position Oakeshott argued from the start, Schaffler's 
argument gives fuller attention to conceptions of teaching which stress 
either information or judgment at the eKpense of the other* 

The idea of an inheritance of human achievements and evolving 
traditions of public scholarship which pervades the first two interpre- 
tations of teaching is also prominent in the third, developed by Roberts 
and Silva. Their argument presents an epistemological position at the 
outset j as Oakeshott 's did, and it later identifies two unsatisfactory 
"teaching styles" which parallel Scheffler' s impression and insight 
models of teaching* 

Roberts and Silvai Repreaentationg 
and Explanati ons of Phenomena 

The third interpretation of teaching is expressed in a dis- 
cussion of curriculum-planning considerations ^ titled "Curriculum Design, 



^Ibid. 
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Teaching SLyles, and CouHuquuncay for PupiU.'* Douglas Uoberts and 
Dolores Silva havct solucted a tlulo whicb indicntc^y thuir awareness 
thau reorganiaaUloa of part of a school curriculum requiroa informn-- 
tion not only about what eKpt^rLenccs are consldercid desirable for pupilo 
but also about tho "teaching style" required to achiGve the intended 
outcomeB for pupils. Roberts and Silva use the phrase "teaching style'- 
to characterise , •a toncher's unique way of patterning teaching 
acts that nvu predictabla under specified conditions,"^ 

Orjdering ^s_obgme^ 3J^A 
conBequ enc es_ f o^g_P u pj. Is 

The authors' epistetnologlcal position Is indicated in their dis- 
cussion of congequenceB for pupils. They approach the school curriculum 
from the perspective that there Is something Intellectual \^hich is worth 
v?hile for pupils* They are specif ically interasted in ", * . cognitive 
Capacities and procasBes, . * * interpreted in terms of human capacity 

to order diverse observations and the function of these ordering pro^ 

2 

cesses in the human search for order and meaningfulness- " Their con- 
cern is with the diversity of observations which are eKparienced by in- 
dividuals and in \^:hich individuals seek order and meaning by selecting 
observations and develaping "representotions and/or explanations." 

In discussing certain agpects inherent In curriculum building, 
we believe that it is useful to view human history j at least in part 
as a record of the invention and use of ordering schemes for repre- 
senting and/or explaining diverse observations* 

The end which Roberts and Silva have in view is a curriculum 

which permits the student to learn * p responsible freedom of choice 

4 

for how he thinks." They argue that pupil eKperiences appropriate to 
that end would luclude ordering diverse observations, becoming aware 
Chat they are doing sOj learning that there are alternative ways to 
Order the same observations, and realising that particular consequences 



Douglas A* Roberts and Dolores Silva, "Curriculum Design^ 
Teaching Styles, and Consequences for Pupils," p, 16. 

-Ibid . , pp. 17-^18. ^Ibld* f P» 18* ^Ibid . , p* 19* 
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follow from each choice of a way to order obacrvationB. ^ Particularly 

IntoresUing Is cha manaor in which tho authurs expross the view that a 

teacher task is to iutroduce pupils to knowiedge daveloped by their 

prodeccssorB, knoi^lodge which includes both Inforination and judgTiient* 

We view pupils as having a great deal ol cxperlenCG to process in 
the course of a lifetime, and the human race as having a great deal 
to offer for use in that task. At the heart of our Ideology Is the 
notion of choice among alternatives^ but responsible choice, . . , 
The task of the school ^ according to our position, is to be sure 
the pupil is aware of alternative representational and eKplanatory 
schemes, and of a set of criteria for choosing among these based on 
Informed judgment of the consequences and implicationa of each to 
the Individual pupil and to others*^ 

When that task has been achieved, the final and personal decision among 

3 

alternatives is left to the pupil* 



Teaching styles 

After examining in detail h^w the contant of such a curriculum 

might be organized , Roberts and Silva discuss the teaching style which 

they regard as appropriate for achieving the goals of that curriculum. 

Their model Involves Information processing ^ communication, and the 

prerogatives of teacher and pupil in both* In what they term the 

"trialogue" style, both teacher and pupils have access to the "domain 

of observable phenomena."^ The authors present a very useful stateinent 

of the different prerogatives which teacher and pupil must retain in the 

teaching-learning interaction* 

On the one hand, the teacher has greater eKpertlse than the pupil at 
representing and/or explaining observations by virtue of his longer 
study of what the human race has available for that purpose. As the 
teacher receives observations from the domain of observable phenom- 
ena ^ he has a substantial arsenal of representatlans and/or expla- 
natlons for those, and he must retain the prerogative of InBlsting 
that the pupil try them when it is appropriate* On the other hand, 
the pupil is in the position of knowing which observations he has 
made within the domain, and thus he knows better than the teacher 
which obBervations need to be represented and/or eKplained in his 



hb±d . hh±d., pp* 19-20. 

^Ibid,, p* 20. Ibid *, p, 23. 
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personal eKperience. It remains the pupil's prerogative, then, to 
make use of representations and/or eKplavmtions , according to^whether 
or not they are relevant to his growth of personal knowledge. 

In the trlaloguG teaching style, comrimulcation between teacher and pupil 

involves a mutual eKchange of observations and representations and/or 

eKplanations. Respect is maintained both for the teacher' s prerogative 

to introduce the achievements of the human race and for the pupil -s 

preroBatlva to make his own attempts to process information in achieving 

personal knowledge • 

To emphasize the features of the trialogue styles which is con^ 
sldered appropriate for achieving the currlcular consequences they 
describe s Roberts and Silva sketch two other teaching styles and explain 
why they are regarded as Inappropriate, They characterize an "imposi- 
tion" style as one which denies pupils access to the domain of obsarv=^ 

able phenomana while the teacher communicates to pupils the represen- 

2 

tations and/or explanations developed by the human race* More gener= 
ally, even if pupils were granted access to the domain of observable 
phenomena^ the teacher's prerogative would be overemphasized if he 
refused to consider pupils' attempts to represent and explain phenomena 
relevant to their own experiences. 

A second inappropriate teaching style Is termed an "abandonment" 
style* It overemphasizes the pupil's prerogative to represent and ex- 
plain what is relevant to his experience, ignoring the potential contri- 
bution of the teacher's eKpertise to that task. Denied his basic prerog- 
ative, the teacher is in an unsatisfying position, while the pupil is 

"abandoned" to retrace on his own the ordering achievements by which his 

3 

predecessors developed what is now known. 

The imposition and abandonment styles indicate the Inadequate 
alternatives to which one can be led by failure to respect and balance 
both teacher and pupil prerogatives in the teaching-learning situation. 
The trialogue teaching style attempts to preserve that respect and bal- 
ance. In order to achieve certain pupil outcomes associated with the 
existence of alternative ways to represent and explain observations. 



2 3 
Ibid . , pp, 23-24. Ibid *, p* 25. Ibid*, pp. 25-26. 
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An Tnterim Summary 

In the throG Interpretations of teaching just examined, the 
position is taken that t6»aching and learning cannot be understood 
properly and adequately without reference to the Intellectual achievemente 
which are preserved and extended in various forms of knowledge and 
associated styl of inquiry, Oakeshott casts this knowledge as an 
inheritance of human achievements, interpreted as abilities blending 
Information and judgment, SchefflGr speaks of ongoing traditioas of 
rationality to which learners must be introduced* Roberts and Silva 
emphasise the finding of order and meaning in observations by the invention 
of ways to represent and/or explain phenomena. The three accounts 
complement each other as ways to interpret knowledge* They jointly 
maintain that what teacher and pupil seek to achieve and how they go about 
it must be based upon an adequate conceptualization of knowledge* 

Roberts and Silva give the most eKplicit attention to teaching 
style, although Scheffler and Oakeshott also offer clear suggestions 
for how a teacher should go about achieving the initiation of a pupil 
into an inherited tradition of knowledge. There are important 
parallels between the inappropriate teaching styles sketched by Roberts 
and Silva and the inadequate models of teaching described by Scheffler. 
The imposition style corresonds to the impression model and an emphasis 
on what Oakeshott called '^instructing, " The abandonment style 
corresponds to the insight model in certain respects. Later in this 
chapter, these parallels are eKamlned further in the derivation of 
dimensions of the analytical scheme relevant to the concept of teaching. 

Roberts and Silva go beyond eplstemological considerations to 
Introduce the concept of teacher and pupil prerogatives in teaching- 
learning communication. They carefully note that these prerogatives are 
not equal. Only the teacher, who has already developed expertise in the 
knowledge to be communicated to his pupils ^ can make certain decisions 
which influence the overall course of teacher-learner Interaction. This 
fundamental feature of the concept of teaching gives rise to the issue 
of authority, to which the discussion now turns. 
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That students currcutly tend to react quite negatively to behav-- 
ior v/hich they perceive to be "authoritarlnn" reminds one that there 
ore a host of other considerations besides "initiation Into an inherit 
tonce" which can in fact dominate the teachlng-"learning situation and 
obscure that essential feature discussed above* One purpose of this 
exploration of the concept of teaching is to establish a perspective 
from v;hich logically distinctive characteristics of the activity of 
teaching may be reeognlEed. 

Peters I The Teacher as 
an Authority in Authority 

The two remaining interpretations of teaching are developed 

with specific reference to the concept of authority. The first is 

developed by R, S. Peters in the essays ''Authority and Educatiouj" in 

his book titled Ethics and Education > Petars' essay is particularly 

valuable for its analysis of several general types of authority, in an 

attempt to be very clear about the several ways in which the concept 

bears on the activity of teaching* 

Tim ap pi 1 c a t i o n s o f the 
concep t of authot^lty ^ 

Peters begins his analysis by noting that * • the concept of 
authority is inseparably connected with a rule-governed form of life." 
The concept is moBt frequently encountered in systems of social controls 
where it Is appropriate to speak of an individual being ^ authority and 
thereby being "authorized" to make decisions involving the application 
of some set of rules* The concept of authority also has application 
outside the context of social control. In the domain of knowledge we 
may properly speak of an individual being an authority* 

There are two essential differences between these two applica- 
tions of the concept of authority. With respect to social control^ one 
is in authority by appointment and the appeal is to rules* With 



R, S. Peters, "Authority and Education^" p. 238* 
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respect to knowledgG, one is an authority by prior training 

and succeBs, and the appeal is to reasons and evidence. 

Authority is a particularly significant concept for the activity of 

teaching, because in our modern educational context 5 , » the teacher 

is an authority figure in both the above senses* 

He is put in authority to do a certain job for the community and to 
maintain social control in the school while he is doing it. He 
must also be an authority on some aspect of the culture which he is 
employed to transmit. It is also eKpected that^ to a certain ex- 
tent, he will be an expert on the behaviour and development of the 
children over whom he is in authority, and on methods of teaching 
them* 3 

There is a further distinction about authority which Peters is 
careful to note at the outset, the distinction between formal and actual 
authority. In every situation of a formal appointment to authority, 
there are associated expectations related to the actual eKercise of that 
authority.^ Teachers are not excepted from the significance of this 
distinction, and it may be that they are particularly subject to its 
significance in times when authoritarian behavior tends to be resented. 

Authority as analyzed by Weber 

Peters' discussion retraces the analysis of authority by Max 
Weber, who distinguished between authority based on tradition and that 
based on a legal-'rational system, A traditional base of authority typi- 
cally confers status in all contexts and is regarded as unquestionable 
by those x^ho recognize it. In contrast, a legal^rational base of author- 
ity confers status only within the individual's "sphere of competence" 
and it reflects a belief in the legality of the rules by which persons 
are placed in positions of eKercising authority- Outside the context 
of social control, in the area of knowledge, one can be recognized as 

^Ibld, , pp, 238«»240, ^Ibid, , p, 240. 

^md, ^Ibld., p, 241. 

^Ibld , , pp. 242^243. 
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an authoricy without the support of either inherited status or legal 
appointment. In our present educational context, a teacher is typically 
appointed legally on evidence of being an authority in some field of 
knowledge, ^ 

Peters reports that Weber was particularly interested in the 

phenomenon of "charismatic" authority, which blends being an authority 

with being in actual authority, and perhaps in formal authority as well. 

The position of teacher represents an Instance in which one who is an 

authority is placed in authority for the purpose of transmitting to 

others the valued knowledge on which he is an authority. The concept 

of "charisma" may be associated with teachers who, in addition, are sin= 

2 

gularly effective in the actual exercise of authority. 

These several distinctions about authority are relevant and 
necessary because Western culture in particular has eKperienced over 
several centuries a replacement o£ traditional authority by rational 
authority in various aspects of life* This replacement brings with, it 
the notion that authority Is something which requires justification. 
Peters notes that authority in the adult-child and teacher--pupil rela= 
tionshlps no longer rests on a traditional base. He concludes that 
"... the case for authority in the sphere of knowledge . , . must be 
regarded at best as a provisional eKpedient," The final appeal in 
matters of knowledge can never be to an individual but only to reasons 
and evidence and public procedures for criticizing them. Provisional 
authority in matters of knowledge is granted so that knowledge may be 
applied to matters of everyday life and so that It can be transmitted 
to succeeding generations. For this latter purpose the InBtlcution of 
the school has been established. 

Three senses of authority for a teacher 

Peters concludes his analysis by discussing the authority of a 
teacher in three senses already mentioned. A teacher is given formal 
authority to achieve certain aducatlonal goals. Then, in the actual 



^Ibld ., p. 244. ^Ibid. , pp. 245^247. 

^ibid ., p. 250- ^Ibld, , pp. 250-251. 
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eKercise of authority, the teacher ttiust maintain social control while 1 
Is initiating his pupils Into the area of knowledge in which he has ex' 
pertlse. It is at this point that Peters blends ideals with practical 
concerns in an analysis which raises a number of issues associated wit: 
the various senses of a teacher's authority. 



Formal authority by appointment 

Peters suggests that there are several purposes for which a 
teacher is formally appointed to authority. In addition to the primary 
purpose of initiating others into what the community regards as intrin" 
slcally worthwhile, he can also contribute to the instrumental functions 
of training and selecting individuals for the various types of work re- 
quired in the society as a whole* Peters' comparison of toerican and 
English systems of education in terms of weighting of these two purposes 
raises some interesting questions. Fundamentally , Peters asks whether 
the authorising community regards teachers as ''experts on means" of 
transmitting the culture or as "authorities on ends" valued by the com-- 
munity.^ His discussion is valuable for pointing out that it is possi- 
ble^ in practice s to appoint a teacher to a position of authority for 
reasons which neglect or minlmlEe the authority of eKpertiae in some 
field of knowledge. It has been argued that this latter authority is 
logically associated with the concept of teaching in schools. 

Actual authority I knowledge 

Peters returns to the primary sense of a teacher as an authority 

when he considers the actual authority of a teacher. Noting that pupils 

have no say in selecting teachers, and noting that pupils are required 

to attend school, Peters sees a clear challenge for the teacher, "The 

task Is basically to get the pupils to identify themselves with the aim 

of the school, to share the teacher's concern for what is being handed 

on."^ Coercion may lead to alienation ^ while extrinsic values may fall 

short of the mark. "... what is intrinsic to the Activities and forma 

3 

of awareness must be vividly intimated with arrogance. 



1 ? 3 

-^Ibld, , pp* 252-258. Ibid-, p. 258. Ibid., p. 259. 
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That one is never more than a provisional authority with respect 
to knowlodge provides another reason why a teacher must guard against 
being perceived as authoritarian. 'His pupils must not only come to see 
the world in terms of a particular form of knowledge but also become 
able to criticise the aasociated assumptions. 

Paradoxically enough a teacher must both be an authority and 
teach in such a way that pupils become capable of showing him 
where he is wrong. The teacher Is an agent ofj^ change and 
challenge as well as of cultural conservation. 

Actual authority: social control 

Finally, on the matter of social control, Peters explains that 
the task of the teacher in authority ". . . is complicated to a varying 
degree by the necessity of preserving conditions of order which are 
necessary conditions of its performance."^ Peters is careful to observe 
that one need not abandon authority in general because one reacts 
strongly against the repressive use of authority. A teacher in author- 

itv is neither a prison warden nor a "benign child-minder" who simply 

3 

appeals to the interest of children. 

Peters argues that authority in social control must be rational- 
ized, not abandoned. Eventually, constraints put up by the teacher, are 
to be Internalized by pupils. This Internalization requires that the 
exercise of authority be rational and "task-oriented." Authority which 
appears to have a traditional base will be rejected, quite rightly, by 
pupils. "In brief, teachers and parents have to learn to be In authority 
without being authoritarian," 

Thus it is Peters* position that a teacher is an authority who Is 
placed in authority for the basic purpose of transmitting the knowledge 
on which he Is an authority. When a teacher eKercisea the authority of 
the position to whluh he has been appointed, he does so for its 



hhU, , p. 261. ^ Ibld . , p. 263. 

Ibid. 



3,. . , *ibld. , p. 265. 
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contribution to enabling pupils to move toward becoming authorities 
themselves. ^ 

Peters' general analysis of authority in the context of 
education is complGmented by the spQcific analysis of authority and 
teaching methods in the Eifth interpretation of teaching, Ogllvy^s 
interpretation is consistent with the views of knowledge drawn by 
Oakeshott and Scheffler, and it portrays the teacher and pupil prerog-- 
atlves discussed by Roberts and Silva in a context complementary to 
that established by Peters. 

Ogilvy I An Incomplete Theory 
as the Best Question 

In his paper titled "Socratlc Method ^ Platonic Method ^ and 

Authority^" James Ogilvy examines closely the teaching techniques of 

Socrates and Plato ^ to forge a construct which can illuminate the 

conteinporary issue of authority in teaching* He develops a character- 

izatloa of teaching method which specifically recogniEes that a 

teacher's eKpertise is to be used in a way which permits each learner 

to rely upon his own intellectual resources. Ogilvy ultimately argues 

for a clear distinction between educational authority and political 

authority. 

Socratl c method and the 
jji arner eKperience 

Ogilvy begins his analysis by posing a perceptive questions "Why 
is the Socratlc method praised so much more than It is practiced?" 
Noting that one frequently hears a "Socratlc technique" Bpoken of as an 



^The distinction between authority of knowledge and authority of 
position has been incorporated into a classroom observation procedure by 
Greta Morinep Robert S/ Spauldlng, and Selma Greenberg in their book 
titled Placovering New D imensions in the Teaching Process (Scrantonj 
Pennsylvania I International Textbook Company, 1971)* On pages 110-114 
they diacuss seven teacher roles I intellectual authority, guide, or 
arbiter^ social authority, guide, or arbiter; and clerical worker. 

^James A. Ogilvy, "Socratlc Method, Platonic Method, and 
Authority," p. 3* 
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appropriate teaching meLhod, Ogllvy points out. that such a jncChod of 

teaching can be charnctGrixed auparf icially , ndopted without being 

fully understooa, and then rejected because it did not achieve Che 

nnticipaued goals, even though one cnunot explain the failure. Taken 

to extremes, n superficial characceriKatlon of the Socratic method can 

suggest that the teacher is supBrfluous (because any "midwife" can draw 

out the knowledge already prenent in the learner's mind) and that there 

is no professional expertise in education (which would, if it existed, ^ 

speak against "participatory democracy" in educational decision-making). 

To develop characterizations which are not Buperficial, Ogilvy 

returns to the works of Socrates and Plato. In particular, he explores 

the apparent shift in Plato's later dialogues away from the "Socratic" 

characteristics of his early dialogues. The Socratic teaching technique 

was quite Dpecifically one of questioning In a one-to-one relationship 

which permitted the teacher to adapt the dialogue to the individual 

characteristics of the iQorner. in an effort to bring about a particular 

kind of learner experience. Ogllvy observes that Plato's early dialogues 

try to create Socratic dialogue in writing. Ogllvy sugaests that in the 

medium of writing rather thati speech, this dialogue form generates 

attempts to understand the dialogue itself. Quite different is the 

learner's experience within the actual dialogue, an experience typically 

■~~ 2 
Involving discovery of one's Ignorance. 

Citing the analogy of adapting a literary work to the different 
media of film or theater, Ogilvy points out that the goal is to achieve 
the same effect as the original work, not to be slavishly true to it. 
He suggests that Plato faced the similar task of achieving in writing 
rather than speech the saina learner experience as the spoken Socratic 
dialogue. The task is twofold. What is written must require the learner 
to employ his own "intellectual resources" yet it must also "speak 
differently" to different readers, to respect each learner's particular 
charactci-istics. Ogilvy suggests that it was Plato's remarkable solution, 
in the later dialogues, to introduce "complex but incompletely worked out 



4bid. , pp. 3-5. ^Ibid. , pp. 5-6. 
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theories,"" Theso require mch Icarnur to ba lictlve, yet they permit 

each to reBpond differently* 

Plato' B later dialogues are succGSsful surrogat;CR for Socrates 
because Plato saw that an appealing, genuinely Intriguing theory 
is the best counterpart for oral questioning. In the written 
medium^ an inconiplete theory is the best question* In its 
openendedness, an incomplete theory flaKes to the intellectual 
resources of each reader. 



A^thlrd alternative for 
the ^_las5^roo^ teacher 

With this insight Into the potential value of an "Inconiplete 

theory s" Ogilvy turns to the situation of the classroom teacher* 

Dealing with tnany pupils at once, not in succession p a teacher who 

wishes to use the "raaleutic" method shares Plato's problem of making 

the same words ''speak differently to different students*" If a teacher 

uses questions to bring out different responses from various pupils, ha 

is authoritarian in a sense If he "guides" the course of his questioning 

to conclusions he had In mind at the start. In dialogues like the Heno, 

Socrates was able to avoid this authoritarian imposition of the teacher's 

views because of the one-to-one relationship. Guided questioning seems 

authoritarian and un-Socratlc because pupils are not able to arrive at 

3 

conclusions on their own. 

Like Peters 5 Ogilvy Is sensitive to the fact that pupils have 
reason to "* , , resent an authority who acts like an authority but will 
not own up to being an authority."^ Placed in such a dilemma and having 
failed to achieve the "maieutic" goals, many teachers turn to the only 
other alternative they recognize—the completely structured (and author-- 
itarlan) style of the lecturer, Ogilvy submits that teachers may find a 
viable "middle ground" in the Platonic form of the maieutic Tnethod, 



^Ibid, , p, 9, ^Ibld,, p, 10, hh±d,, p. 12, 

^Ibld, Here Ogilvy uses "an authority" in the sense of one who 
is in a posS'lon to control the interaction. This Is the in^authority 
sense In Peters' interpretation. 



146 



138 



Accortlins to thca Platonic: method, on interesting and engaging theory 

serves as tha heat question. If a teacher Cakes the time and effort 
to 'lay something on the table' the way Plato does in his later 
dialogues, then inquiry and education may proceed neither m the 
vacunm created by n totnlly unstructured situation, nor in the highly 
structured Procrustean bed of a lecture or guided series of questions 
and answers, ^ 

Such a method may permit a teacher to rGspect the importance o£ the 

learner experience without rejecting the fact that his subject-matter 

expertise gives him more to "lay on the table" than anyone else In the 

classroom. A teacher maintaining the authoritarian stance of a lecturer 

would expect what he says to be repeated by his pupils in their work- a 

teacher attempting to use the Platonic method would expect pupils to 

2 

exatnina and criticize what he saya. 

Educational and p olitical authority 

Ogilvy concludes his essay by outlining his own "interesting and 
engaging theory" about the nature o£ educational authority. He specu- 
lates that the Platonic method may provide an other-than-political way 
to view the relationship of one teacher to a group of pupils. "In 
terms of the Platonic method, legitimate educational authority will 
depend on an ability to practice the maleutlc method in a one-to-many 
relationship."^ From this point of view, subject matter is more 
important at the university level not because the subject matter is 
placed above the intellectual development of the learner but because 
it is essential to the task of challenging students who have reached ^ 
the university level "toward further personal and Intellectual growth." 
Noting the high calibre of Plato's, intellect, Ogilvy remarks that "the 
theories he introduced succeed as sugstlons only to the extent that 
their Intrinsic plausibility elicits attempts to answer the questlona 
they raise. 

By relating subject-matter eKpertlse to the ability to achieve 
a particular kind of learner eKperlence, Ogilvy' s construct of a 



lihid.. D. 13. ^Ibld. ^IbM-' P- 1^- 



Ibid . , p . 13. 
^Ibid. ^Ibld. 
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•'Platonic method" permits the authority associated with subject-matter 
competGncie to be viewed as educatloncilly rather than politically 
sigiiif leant* Ogilvy further suggests that this pGrspectlve on the 
contrlhution of scholarship to the teaching-learning situation might 
help both faculty end students to avoid making political responses to 
strictly educational issues. On this view, "participatory democracy" 
is not a viable alternative to the eHercise of authority for educational 
purposes by those who have achieved scholarly corapetence* 

Ogllvy's particular contribution in this paper is the isolation 
of the importance of the "learner exparience" and the suggestion that 
there is a method by which a teacher may strive to achieve that type of 
experience for all the pupils in his classroom. Subject-«matter 
expertiee does not licence authoritarian behavior * yet its educational 
significance cannot be denied* Ogilvy has described a teaching method 
by which expertise may be interpreted in terms of its contribution to 
achieving uniquely educational goals* 

Derivation of an Analytical Scheme 
for the CQtieept of_TM£M5& 
To this point, the Investigator has described significant 
characteristics of five analyses of the concept of teachings and 
indicated their general compatibility. In the remainder of the chapter, 
the discourse is interpretive rather than descriptive. From the common 
core of the five analyses, a "composite perspective" on the concept of 
teaching can ba seen. It is viewed by the Investigator as embodying a 
comprehensive set of categories for thought about teaching- 
Each of the five analyses has suggested that there are two ways 
of deviating from a teaching strategy consistent with the composite 
perspective. That is, the five arguments described seem to have been 
written, in part, as attempts to resolve a conflict between an 
overemphasis on accumulated public knowledge, on the one hand, and on 
overemphasis on the development of personal judgment, on the other. 



Ibid. ^ pp. 14-16. 
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Thus two alternate perspectives are also suggested by the analyses 
themselves, as discussed below* 

The portion of the analytical scheme relevant to the concept 
of tGaching is developed by contrasting the three perspectives on 
teaching (the composite perspective and the tw alternates) according 
to sin dimensions which capture important features of the arguments 
described above. 

Pgrg pact lyes on teaching 
and Tnodelg of teaGhing 

Before pfesentlng the three perapectives on teaching which make 
it possible to develop additional dimensions o£ the analytical achemej 
it is appropriate to clarify what^ if my^ relationship the three 
perspectives have to models of teaching. The phrase "modelCs) of 
teaching" has been used in this study in t\ number of different ways. 

In Chapter 1* the phrase ''models of teaching" appears in the 
report of how Nuthall and Snook have categorized research on teaching* 
The three models-^behavlor'-control | discovery-learning, and rational" 
are "conceptual structures" which have guided research on teaching* 
In Chapter 11, the phrase "model of teaching" appears in the reports 
by Belanger and Cogan of a new perapective on teacher edueetlon* The 
word "model" is used to refer to an individual's conceptual fratnework 
for planning and interpreting classroom events , and it Includes 
knowledge and beliefs about teaching and learning* Thanj earlier In 
this chapter, the phrase "philosophical models of teaching" appears in 
the description of an argument by Scheffler* The three models-- 
impression, inaight, and rule—consist of different seta of assumptions 
about the nature of knowledge, reflected In teachers' goals, behaviors, 
and achievements - 

Possibly more familiar than any of these is a fourth use of the 
phrase "model of teeching," to refer to a complete prescription for 
teacher behavior derived from a selected theoretical position, frequently 
but not exclusively psychological. Many models of this type are 
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dGficribcd and compared in Modals of Teaching, by Joyce and Well* This 
use of •*model" is similar to the tcrni '^method" of teaching-'-a geneiral 
technique reElccting accumulatad experienccis of tho prof ession— in tVie 
sense that models and methods are rather complete guides for how one 
should behave as a teacher. 

Each of the four is an appropriate use of the word "model,*' as 
a conceptual framework which can guide bGhavior^ yet there are some 
significant differences among the four. The perspectives on teaching 
described below bear little resemblance to a model of teaching which 
guides research (Nuthall and Snook) or prescribes teaching behaviors 
(Joyce and Weil) . It is not necessarily the case that any of the 
perspectives actually exists as a model of teaching in someone's head 
(Belanger and Cogan) . The greatest similarity is between the perspec- 
tives described below and philosophical models of teaching CSchef £ lek:) i 
both are intended to facilitate the evolution of an individual's model 
of teaching (Belanger and Cogan) * 

The following discussion uses Korner's concept of a -■catsgorial 
framework" to Interpret the five analyses of the concept of teaching* 
The term "perspective," rather than "models" marks the focus on 
categories available for thought about teachings based on analytical 
rather than empirical findings. The dimensions of teaching presented 
below, in the second portion of the analytical scheme^ identify three 
alternatives on different elements of a teaching strategy. Thus a 
dimension is narrower than a method or model (Joyce and X^ell) of teachin 
and it is Intended to stimulate thought and alternative actions rather 
than to prescribe actions. The three perspectives on teaching serve as 
bases for generating the alternative positions on each of the dimensions 
included in the analytical scheme. 



Bruce Joyce and Marsha Weil^ Models of Teaching CEnglewood 
Cliffs, New Jerseyi Prent Ice-Hall ^ Inc., 1972), 
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The coniposi to perHpoctlvo ^.aun in the: five nna]_yHGs of thu 
concept of teach Lng unn be clcscribcid In turtns of the iiuiKimal kinds of 
particulars \^hic\\ It provldQS for the categorization of experience. It 
Is comenient to Identify at the same time the senBO In which each of 
the five analyses of teaching argues for a balanca which is Tnorca 
comprehensi^/?^ than either of the two positions it seeks to unite. 

Oakashoct stresses the significance of judgmeiit as a component 
of knowledge which must hQ coimnunicatad while communicating Information, 
hut In a dlfferant ray. ScheCfler pres^-iits the rule Tnodel of teaching 
fls a synthesis of models stressing accuinulated information and individual 
Judgmeut, a synthesis achieved by Including deliberation according to 
principles of traditions of Inquiry. Roberts and Sllva describe a 
trialogue teaching style ^4ilch balances teacher and pupil prerogatives 
in coumunication by recogni?.ing the different relation of each to 
phcmoTTiena and to Tepreaentatioiis and explanations of phenotnena- 

Peters maintains thot a teacher tnust be "an authority in 
authority*- without being authoritarian. This is possible when a teacher 
employs his eKpertise In the service of pupils- development , a conclusion 
gIso reached by Ogllvy, To the classroom teacher who has limited himself 
to a choice between the Soerattc method (inadequately understood) and the 
lecture, Ogilvy offers a *'Platonic'* method more adequate than either one 
alone * 

The comniOTi core of these analyses of teaching can be eKpressed 
by reference to five maKiTtial kinds of particulars—objects of experience^ 
individuals^ communities of Inquirers ^ personal categorial frameworks, 
and disciplinary franieworks. The attributes of these tna^imal kinds are 
indicated in the following statements, 

1, Individuals can develop the ability to exercise judgment in 
the use of inf or[Tiatlon, In so doing, they develop and apply personal 
fraiTiewrks for the interpretation of experience* 

2, A comniunlty of inquirers shares a disciplinary framewrk 
which it preserves and eKtends by applying the framework to theoretical 
and/or practical problems in the interpretation of objects of experience. 
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3* The attributes of a personal fTatnework are those associated 
with Korner*s concept of a categorlal framework, A disciplinaty 
framework is taken as the categorial fratne^Drk which is shared by a 
community of InquireTs, 

This formulation reflects the use in Chapter III of KSrner' s 
concept of a categorlal framework and Kuhn's concept of a coramunity of 
inquirers* No suggestion is intended that the five analyses of teaching 
presuppose Corner's and Kuhn'S arguments. Rather, those arguments are 
seen as contributing suggestions to one possible eKpression of a 
comprehensive perspective drawn from the five analyses. 

Teaching and the counterpart activity of learning are here 
regarded as activities which are most conipxehensively understood in 
terms of the five maKimal kinds identified above* k taacher Is a ineniber 
of a community of Inquirers in the sense that he has achieved expertise 
in a particular tradition of deliberative principles and eKplanatory 
standards. In teachings his objectives IncludB using that expertise to 
enable learners to develop personal fraTneworks* Thus a learner is seen 
as an Individual whose goal is to achieve taowledge" and thereby develop 
a personal framework in the light of franieworks developed individually 
and collectively by his predecessors* Both teacher and learner have 
personal frameworka and the potential to contribute to the development 
and application of disciplinary frameworks. The role of taacher 
emphasizes individual eKpertise in a particular disciplinary framevrork 
and the ability to bring that expertise to bear on the personal 
development of learners. The role of leartier emphasizes development of 
a personal categorlal framework for interpreting eKperiencej in the 
light of first many and later several or perhaps a single disciplinary 
frameworkj if the learner aspires to ntembershlp in a comniurilty of 
inquirers* 



It seeins unfortunate that the terms ■'knowledge" and '-information 
have come to be used interchangeably In educational discourse* Here 
"knowledge" la tjsed In the sense expressed by Oakeshott, Schefflar, and 
Roberts and Sllva, 
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Fa 11 lire to lucludii all fivu maKimnl ki.iulH fivallablG in thu 
compo54iLe porBpoctive gaaeratuB a iiiTilted pfirspecti^e on the concept 
of teaching. Two Biich pcrsptjctivesi with limitations iclGntified below, 
are quite* familiar. One oveTcnnphasiKOs the dDvelopitient of personal 
frameworks by iGarners , wliile t:be other overemphasizes the preservation 
of cllsaipllriary eramaw)rks. These tv/o InterdDpendent aspects of teachtiig 
are balanced in the compDsite pert^pective . The terni "luf orniattori 
cMnphriMlH'* ±s used to Iclantify the overemphasis of public disciplinary 
frameworks, often inadequately portrayed as collections of inforaation. 
The term "Insight emphaals*' is usGd to IdGntify the overemphasis of 
individual develDpnumt , often inadequately portrayed with little or no 
reference to disciplinary frameworks. 

The information emphasis 

Teaching based upcn the Information euipliasls would be likely to 
strcBs unduly the task of the teacher to transmit what he knows to his 
pupils- The fact that teachers must comniunicate ^^ith inany pupils 
geEierates a number of prablems which may be minimised, but not resolved^ 
by thin eiiiphasis. Teaching by lecture is associated with this einphasls* 
Teaching problenis tend to fall into such areas as dev^lslng appropriate 
sequences for the preBentatton of InfortTiatton and maintaining order and 
attention during presentation* The number of pupils seems to prohibit 
investigating the unique re^sponses of each* Knowledge may come to be 
viewed as an accumulation of publicly accepted facts which are preserved 
by having new generations cDinmit them to memory, reaching behaviors 
p€itterned on this e^mphasts could appear authoritarian In two sensas^ as 
the teacher controls both the content and the process of conmiunication. 

This familiar Interpretation of teacMng is now the subject of 
wldGspread criticism. Certainly it is rigid and authoritarian* It may 
never be Iniplemented in the extrerae, for a teacher is not likely to 
neglect coiiipleteiy the persDnal development of all his pupils. Teaching 
pattGrncd on this ©mphasis can be said to work In the sense that It can 
achieve certain nvLnimum levels of ef foctiveneBS in transmitting basic 
skills and content* This etnphasis is associated ^^ith "information" in 
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Oakeshott'B diHcuBalon, Schcifflcr'B Impression mode], the ImpoHitioii 
stylo deiscrlbcul by RobrirtK and SilVfi, Pet-t-rB* rofGirpiico to tho comploLc 
authurity of a priHon wurdc-u, and Ogilvy's roCc-runce to the political 
iiuthority aiiggcstod by the li^ctxiro method. 

The insight emphaBis 

The familiar alternative, widely acclaiTned in recent years, is 
a CDiicept of toaching which seems to be based on the InBight Gmphasis, 
Thxu view stregses the task of the teacher to consider the character-^ 
tsticB and behaviors of each individual pupil and to stimulate pupils 
to make their own Judgments and thereby achieve insights Into the nature 
pf their experiences. When linked with phrases such as •'Socratic method" 
and "discovery," these goals may be Interpreted as ones attainable 
vjithout reference to formal disciplines of knowledge. Problems tend to 
focus on stimulating pupils vlthout actually telling them what they are 
to learn. What pupils do learn is likely to be personally relevant, and 
it is unlikely that the behavior of the teacher would be interpreted as 
authoritarian* 

In its eKtreme form, also rare and improbable , teaching 
patterned on the Insight eniphasis ^ould become an eKchange of opinions 
among equals. If recognized at all, the expertise of a teacher viewed 
as lacking authority only becoines available to pupils by request* 
Teaching patterned on this emphasis can be said to wrk in the sense 
that pupils are able to learn to some extent when encouraged to explore 
a rich environment* 

Roberts and Silva use the term "abandonment" to capture the 
sense of withholding from pupils the achievements of the past. Similarly, 
Peters spoke of the "benign chtld^Tnlnder ." Ogilvy noted that this 
emphasis on insight suggests the political alternative of participatory 
deniocracy and denies that expertise can enter into educational decision- 
making* 

I>iaKimal kinds of particulars la the 
Infontiatlon and insight emphases 

The perspective on teaching suggested by the information emphasis 
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sQt^nifl to xnClocL only throGt mnKimal kinc]n="Ol>jocCs of experience?, 
iiuHviduals J and a catogorlnl framfework to he fc>hnred by all Indivicliuils. 
The pen-t^ptJcLivt! su;^ .;est:ucl by tlm Insight enuphaHis also mems to rGfiecU 
only throe iiiax linal klnds^-obj Gets of experience, individuals, and 
perHonal categorial IrameworkB* As noted earlier, the compDsite por- 
spectivci also lunludes communitlcB of inquirars and discipllTiary 
f rtimt'wurks. 

ConipririBon of the three perspectives in terms of Included 
maximal kindn halps to uKplain some of their differences* Neither the 
iulDrmatioii oniphasla nor the insight omphasis recognises adequatQly the 
significance of comniunities of inquirers. Accordingly, both fall to 
distinKulsli the two Benses---^personal and disciplinary-'-- in which 
categorial fraTneworks inay be recognized. The information emphasis tends 
to strftBs Bhared framex^orks while failing to recognise the diversity of 
such frameworks. The insight emphasis tends to stress personal frameworks. 
The argumentB by Oakeshott, Sciheffler, Roberts and Silvan Peters^ and 
Ogilvy are intcBrpreted here as alternative ways of Indicating the need 
to recognise tlie significance for the concept of teaching of communities 
of inquirers and the related distinction between personal and shared 
ca t e go rial f r a mewo r ks * 

Before stating formally the teaching dimensions of the analytical 
scheiue, it is worth noting that this analysis permits one to auuounL fur 
the shortcomings of a familiar attempt to resolve the informat ton-- insight 
tension* k toaching etrategy which iiiay be termed "guided discovery" 
turns the teacher's statements into questions to achieve pupil partici- 
pation. Ogilvy described this variation as Socratic questioning which 
the teacher guides by accepting only those answers which are "right." 
It can be satisfying to both teacher and pupils to achieve more pupil 
Involvement than is likely in, a lecture. Yet the maKimal kinds of 
particulars rurnaln those of the information emphasis, as recognized by 
the alternativG label some use for this strategy , namely "substitute 
lecture," Pupil Involvement is not of the kind achieved by the Insight 



Ogilvy, "Socratic Method, Platonic Method, and Authority," p. 12* 
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cmphasli3. Ah Ooilvy notcid, pupils rightly resent a pratf-nse o.C non- 
authority by a tencher who effectively controls tho content and pvoccsa 

of communicaLion , as In the InEormntion omphasis. 



The teac^h lng c oiiipgn Gnt of 
t]iG_ji naly t lcal acheme 

Three perspectlveB on the concept of teaching have been 
developed. The composite perspective provides the most comprehEnslve 
set of categories for thought about teachins. The composite perspective 
Is regarded as a synthesis of the information and insight emphases in 
the sense that it includes Che maximal kinds of both. The composite 
synthesis is more comprehensive than the simple sum of the two, however, 
bGcauae it is achieved by incorporating maxlraal kinds not adequately 
recognized in either the information or the insight emphasis. 

The composite perspective is not a solution to the search for 
one best teaching method or style. Yet by providing a greater number 
of categories for thought about teaching, it comprehends a greater 
number of teaching methods. Including ones not available within the 
Infonnation emphasis, the insight emphasis, or some simple combination 
of the two. Scheffler's rule model, the trialogue style constructed by 
Roberts and Silva, and Ogllvy's Platonic method are all taken as 
examples of teaching styles which can only be interpreted fully with 
the categorization included in the composite perspective on teachlTig. 

Six dimensions are used in the teaching component of the 
analytical schejne to contrast the three perspectives on the concept of 
teaching. The three interdependent categories of '•knowledge," "learning," 
and "teaching" provide comparisons related to the objectives of teaching. 
Three other dimensions, designated by the terms "communication," 
"authority," and "use of expertise" provide comparisons related to the 
conduct of teaching. The six dimensions are set out In Table 2. 
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CHAPTI-R V 
M ASSKSSHKNT OF THE APPLICABILITY 
OF THE ANALYTICAL SCH^E 
In troduG tiog 

This cliapter presents the second phase of the Investigationj an 
osBC^HJjment of tbo applicability of the onalytical scheme developed In 
Chaptars III and IV* PaBsageL4 selected from four teKCbooks on the 
toaching of science are analyzed for content and structure^ using the 
dlmensLons of the analytical scheme supplemented by Toulmin's concept 
of an ''arguments-pattern*', d escribed below* Tiie general question asked 
in this chapter is "What Information does application of the analytical 
scheme provide about the scheme's acceptability for eKamining argUTiients 
about the teaching of science?" 

Three topics are discussed in preparation for the analysis • 
First the procedure used to select the four passages is described. Then 
Toulmin's concept of the pattern of an argument is introduced and its 
relevance to the analysis is eKplained* Finally ^ a short exarnple of 
analysis of an argument is presented and discussed, to make the reader 
familiar v^7ith the format of the full analysis of four separate passages. 

The chapter concludes with a surmnary of the results of the 
analysis and a discussion of tb.elr implications for assessing the 
applicability of the analytical scheme* The following questions are 
of particular interest* 

1. Is each of the dimensians of the scheme relevant to some 
portion of at least one of the selected passages? If npt. Is this a 
reflection on the analytical scheme? 

2* Are the range and detail of each dlnienslon adequate for use 
in analysis of argumetits? Are modifications to dimensions required or 
suggested? 

3. Does analysis of an argument according to dimensions of the 
analytical scheme permit one to determine whether issues are addressed 
clearly J distinctly, and comprehensively in the argument? 

4, Does analysis of an argument according to dimensions of the 
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analytical scheme facXlitaLO identification of the auLliorlty upon v;hich 
the nrguinent rests? 

5* Do significant issuey aristi in the selocted pa?isngaH which 
cannoc ba amilyzod in tcrnm of dimenBionB of thei £inalytical BChenne? Are 
additional dimenBlgns required or suggested? 

SgO.Qctl on of Data for Analysis 
The investigator has identified a set of teKtbooks on methods of 
teaching sclGince^ for use as sources of data in this initial assessment 
of the analytical scheuie. Ultimately ^ the analytical scheme may prove 
useful in the analysis of how science teachers think about science 
teaching, as indicated in their teachings in their talk about their 
teachings and in preservice and inservlce training. However j printed 
materials offer certain advantages over transcriptions of conversations 
and instructional discourse, in an initial assessment* In some respects 
data collection is simpler, and the analysis of printed materials dues 
not involve certain types of inference about the conteKt and intention 
of speech. Finally, teKtbooks on methods o£ teaching science provide an 
element of genei^allty. They are a regular feature of science teacher 
educatiori programs, regardless o£ the variations one would expect among 
programs at different unlversitieB . 

Identi fication of textbooks 

In May J 1973 , the investigator surveyed the individuals respon-- 
Bible for teaching curriculum and instruction courses for preservlce 
secondary^school science teachers at the three locations in Ontario 
where such courses are offered. Of the twenty-eight inethods textbooks 
In use or cited on reading lists, eight were reported so much more 
frequently than the othars that they were obviously central. Tills sample 
was accepted as being large enough to insure diversity yet small enough 
to permit analysis of some portion of each book. The eight teKtbDoks 
are listed in Table 3* The declsiori to examine books in use in Ontario 



The Faculties of Education at Queen's University, the University 
of Toronto, and the University of Western Ontario, 
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TABLE 3 



SCIENCE METHODS TEXTBOOKS IDENTXFim 
AS SOURCES OF DATA FOR ANALYSIS 

AndcrHGii^ Hans 0., and Koutnlk, Paul G, Toward More Effective SciencG 
I^H^£j;igilJ:B So condary E ducatlonr Naw Y6rH~The^jacmilTaW 
Company, 1972, 

lirandwein, Paul F,| Watson, Fletcher G.; and Blacki^ood, Paul E. Teaching 
High School S clencei A Book of Methods , mw York* Har court" 
Brcicc & World, Inc., 1958/ " " ' 

Coilette, A.T. Sclgnce^ Teaching in the Secondary School. Boston^ Allvn 
and Bacon, 1973. — j 

Maysey, Norman Bland. Patterns for the Teachlnp of ScxannR. Revised ed. 
Toronto: The Macmilian Company of Canada Limited^ 1969. 

Roniay, William D. Inquiry Techniques for Teaching Science. Englewood 
CliffSj N.J, I Prentlce--tell^ Inc,, 1968* 

Sund, Robert B., and Trowbridge, Leslie W. Teaching Science by Inquiry 
l^n jhe Secondary School. Columbus , Ohio: Charles E, Merrill 
Books, Inc. , 1967. 

Thurber, W.A., and Collette, A.T. Teaching Science In Today ^s Secondary 
Schoolg, 3rd ed. Boston: Allyn and Bacon^ 1968. 

WaBhton, Nathan S. Teaching Scio Creatively in the Second ary Schoo ls, 
Philadelphia: W.B. Saunders Company, 1967/ ' ~ ^ 
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is solGly one of convuaience for isolation of a sample, Nd claifiiH arc; 
made about the books themselves, individually or collectivaly * 

Solectlon of passngna 

After coiiipletuiy the initial development of the analytical 
scheiiies the investigator surveyed the contents of each of the eight taxt-- 
books and selacted two passages from each—one relevant to th© nature of 
science and another more concerned with hov; science is taught^ After 
estimating the potential offered by the sixteen passages for application 
of the analytical scheme ^ the investigator selected eight passages with 
the greatest potential. One was salected from each teKtbook, The sample 
is approKiniat'ily balanced between a focus on science and a focus on 
teaching. 

The night passages^ labeled as Selections A to H, were 
analy>:ed in detAlI, Vour selections (B^ and G) which illustrate 

most broadly the applicatinn of the analytical schema were chosen for use 
in the Auain body of the invBstigation. The renialnlng four selections 
(A, V, and H) are presented in Appendix A. Their analysis corrobo-^ 
rates the findings in the main body of the invastigatlon. No claim is 
made^ or intended ^ to the effect that one selection is in any way 
rapresfc^ntative of an entire- textbook* To maintain the focus on assess-- 
ment of the scheme ^^s applicaoility ^ the autharship of a selection is 
identified only In the opening comments of each analysis ^ when the 
con text in which the passage was written is described, 

A proced ure for Examining the 
Structure of An Argument 

As explained in Chapter the investigation is concerned with 

the provision made for science teachers to accept arguments on rational 

authority, as well as with the provision made for teachers to understand 

the significance of any particular characteristic of science or teaching. 

Both the content and structure of arguments are of interest and ralevance* 

The various dimensions of the analytical scheme are to be tested for 

their contributions to recognizing the significance of content, but alone 

they cannot deal fully with the structure of an argument. 



162 



154 



To permit a mora complete analysis of Lxr^wneats, tl.u investigator 
iKUi Moplcd Toulniin's procedure.. Cor deturinlnin^ the. pattern of an nL-gu- 
meat. Thiu rrouedura uIho serves two other purposes. It provides a 
common format for the nnaly«la of arauments in each of the four selected 
pasaasdH, It also "operiH" each argumanC to analysis by helping to 
clarify juKt what is at issue, before specific issues are eKamined in 
detail. 



Toulmin has EUBRfisiiud, in Th^^JJBes^of_Ar|ument^ that six 
argument^elements provide an adequate basis for scrutinizing arguinenCs in 
any field of inquiry. Toulmin' s is an analysifi of rational arguments in 
Senerai, using the field of jurisprudence as a guide. His Interests 
include the different functions of propositiona used in arguments and 
the relevance of different criticisms of orguinents. In one part of his 
study, toulmin davelopa a pattern for the analysis of argumentB, and this 
pattern can serve as n basis ^^or assessing the structure of an argument. 

The six Clements of Toulniln's araument-pattern are Data, Warrant, 
Conclusion or Claim. Backing, Qualifier, and conditions of Rebuttal. 
Data support the Conclusion (or Claim) of an arsument by virtue of the 
Warrant which permits the inference from Data to CDnclusion (or Claim) . 
A Warrant dcrivas its Backing (or its authority) from a particular 
positian characteristic of the field within ..hich the argument is made. 
men present in an arsumenC, a Qualifier indicates the strength of the 
Conclusion (or Claim), while conditions of Rebuttal indicate when the 
Conclusion (or Claim) may be set aside because the Warrant lacks 
authority in the circtmistances of that particular argument. Toulmin 
oxpresses the pattern of rational arguments by linking the six elements 
as sbown In Figure 1. 



^Stephen Toulmin, The Uses of Argument (rambridga: Camurldge 
University Press, 1958). 

^Capitalisation of these six terms is used in the analyses which 
follow to signal that the words are being used in this sense of Touluan^. 

toulmin. The Use s of A Ua™£a£^ PP* 5 7-107. 
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„,^-l.>A...„..„_--.=,-.._=...,.^ So, QUALIKIKR, CONCtUSXON 

(or CLAXM) 



Since, Unless, 
WARRANT CONDITIOHS 

OF REUUTTAL 

On acccunC of, 
BACKING 

1 

Fl0. 1.— Touliiiiu's ai-gURient-pattcrn 

this pattern is applicable both to Warrant-Fusing arguments, in 
„hich Data and Warrant permit a particular Claim, and to Warrant- 
establishing arguments, in which known Conclusions are used to support 
a new way of drawing inferences fro. Data.^ The category of Backing 
r.f.r« to the general grouads on which a Warrant is acceptable and relc^ 
v.nt Often taken for granted or regarded aa s.lf=evident by the person 
who .ak.s an argument, the Backing for the Warrant Is particularly r.le^ 
vant to a critical assessment of an argument. 

A bri.f illustration adds to the meaning of these remarks about 
the relationship of Backing to Warrant, TouMin cites three Warrants of 
classification which are authorised by very diffarent Backiuas. 

1. "A .•Jhale will be a mammal," 

2. "A Bermudan will be a Briton." 

3 "A Saudi ArnbLan will be a Muslim." 
The first warrant is au.norted by a scheme of taKonomic classification, 
the second is based upon a set of legal statutes, while the thi.d xs 
backed by statistics relating nationality and religious b.ll.fs. Theee 



^Ibid., p. 104. • , I. 

h^d no 120-122. "Warrant-uslns" and "Warrant^establishxng 
,^lJ^ %^t,^Bt±satavhm found it nwenient to use the 
are Toulmxn s terras, ihe invesuAs nrc at and the term 

tern. "Claim" in the pattern of a ^a^^^" l^^J^f . argument. This 
"Conclusion" in the pattern of a "^f^'^^E^ ^^i Irgument one is 
differentiation helps one to keep In mind which type ot g 

aiialyaing. 



1G4 



156 



dlEfercnces at tlia level of BacU.i.g contribute Co cGCOgwUlng the 
pErticular field oE iiiquiry to \;Ulch e«ch WnrraiU belongs. 

Use of the arguiiie nt-pat terrt 

Wiat is tlio specific concribution of Toulmin's argument-pnttern 
to analysiss o£ the wanner iii which an arguinent is expressed? For 
purposes of the amlyaas which foUow. the contribution Is t«o=fold. 
to analyzing a portion of an argument in wMch a posltloii about science 
or teaching is expressed, it is helpful to knot, the particular role that 
portion plays in the argument as a whole. Prior identification of 
elements of the argument malces the Information available. Also, the 
argunient-pattern can be used to detenninB whether an argument is complete, 
since the pattern described by Toulmin indicates what elements may be 
expected in a rational argument. Data, Warrant, Conclusion (or Claim), 
and Backing are regarded as essetitlal elements of all rational arguments; 
Qualifiers and conditlonn of Rebtittal may or may not be required, 
according to the content of the argument. 

ihe distinction between elemBnta which are always required and 
those which are required according to the content of m argument can be 
anticipated logically from the definitions of the elements. Not all 
Conclusions (or Claitns) require eKplicit Qualifiers, not do all .Warrants 
require explicit condltiona of Rebuttal. That this Is tlie case has been 
demonstrated in an earlier study in which the Investigator analyzed 
arguments presented to stodeiits by scienca teachers. 

The analyses of Selections A to H are conducted from the position 
that making provision for a raader to accept an argument on rational 
authority requires making a^.allable all the elements required for the 
argument In question. This position assumes that acceptance of an argu^ 
ment on rational authority must always be preceded by a critical assess- 
ment of the complete argument by the Individual contemplating acceptance. 



Thomas 1. Bu^sell. "Toward ^-^erstandlng the U.e o Aroumen^^^^ 
Authority In Science Teaching,- Background Paper f'J^^^^^"^^ 
tory Modes Project (loronto: The Ontario Institute £01 Studies in 
Education, Departme,' l" of Curriculutn, 1973). 
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The first step in incieting these conditioafl Is providing a coinplete 
argument; the aacond step involves devoloping the argument iri a iiiantiKr 
which will ineet the staiidards of the assassmerit- 

Illustra tion of the Format: 
of the Analysis 

Each atialysls of a selection has three parts: Inittal analysis, 
detailed analyslB^ and a commentary on the analysis. The initial 
analysis identiCiGS argumfent-pattern elaments and suggests potentially 
relevant dimensions of the analytical scheme. Initial analysis is 
presented with the text of the selection^ using a two-colunn format* 

The first paragraph of Selection F is presented to illiistrate 
the format. Line numbers in the left margin are used during the 
analysis to refer to particular portions of a selection. 



THE GOALS OF SCIENCE 

Theories and Scientific. 
Principles 

(Three paragraphs omitted) 

Theories are based on facts 
which are derived from ohserva- 
tion and experimentation* As 
our experlnientation progresses 
5 and reveals nev informationj 
theories of tan hai?e to be 
modified. SclentlstB search 
for theoriei and principles 
which are true and unchanging ^ 

10 but the history of science has 
shown that thero is tv cer^ 
tainty in science but only 
probability. Because theories 
evolve and are modified as our 

15 knowledge of nature Increases » 
the goals fgigl of science in 
formulating broads encompasaing 



INITIAL ANALYSIS 



The discussion off science in 
lines l-'Zl focuses on the unend^ 
Ing nature of tbeory--butldlng* 
In lines 1-9, four distinct, cact-- 
gortcs are indicated^ phenorriena,^ 
facts p theories 5 and individuals 
^ho experirneiit and theorize # 
The Conclusion that theory devel- 
opment liaa no end In science 
<lines 16-19) relies on the 
Warrant that theoriea are modi-- 
fled as nm Informatloii demaTids 
<linea 3-7 and 13-15). Data are 
drawn from the history of 
science (lines 7-13) , The Pro- 
gp§3B of &ai&na0 dlnienslon is 
relavant to the account of theory 



^Robert B. Sund and Leslie \h Troi^bridge, ^cMn^Jclencfi 
Inciuiry in the Secoadary School (Coluiitous, Ohloi Charles Merrill 
Books, Inc*/i967)^ p. 10. 
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ideas of kinowledge-'-- theories--' 
never ends, Tliere is always 
20 an asBigTinient £or the nent 
genera tioa. 



modificatloii (lines 3-7) i while 
the mlaUomhip of BaiBncB to 
truth dlmenslpn seetns relaxant to 
the choice between car tain ty and 
probability (lines 7-^13). 

The detailed analysis of a selection presents the patterns of 

major argunients in a selectloii, before undertaking the basic task of 

analysis: eKanilntng the ralatlonship between the content of each argu ^ 

ment and the analytical scherne, accordlug to dtTnenstons noted in the 

Initial analysis. As an llliistratlan, the argument-pattern of the 

preceding excerpt from Selection F Is presented. 



DMA: The history o£ science—-^ 
records many instances in which 
theories regarded as true and 
certain were modified at s 
later time, 



So J 



CLA.mi Scientific theories 
are probable ^ not certainp 
and may be said to avolves 
so that the development of 
theory has no end* 



WARRMTi When ne^ informa- 
tion is obtained [which coa-^ 
fllcts with an accepted 
tlieory]^ it is necessary 
[and possible] to modify the 
theory to accoimQodat© the 
new Inf ortnatlon- 



On .nccoant of, BACiaNG (hypothesised)! ^he 

status of theories and the nature 
of their development may be deter-- 



rained from the history of science. 



Fia 2. "The arguTnent-pattern of the first major argument of 
Selection with Warrant eKpanded and Backing hypothesised. 



Finally, a commentacy on the analysis la provided to suinmarl^-i 
the detailed analyala and to note some of the more significant results 
of application of the analytical scheine. 



Notes on the tis© of 
the argument-pattern 

The accual process of determining the pattern of an argument la 
not as stralglitfonmrd as the preeedlng diseussion might suggest. The 
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retiults are probibly dependent to some oxtenU oa the person performing 
tho atialysiH. Orico a tentatiVB iclGntlf Icatiun of patterns-elements has 
been niadej ravlQwlng the required rslatirnships may Indicate that the 
argument could be Interpreted In alternatlvti ways. It is not unusual to 
makB several adjustments in the representation of an argument 's pattern, 
before a "best fit" is achieved. 

The argumant in the preceding eKcerpt from Selection F does not 
include any statemants which may be regarded as Backing* For purpoSBS 
of presenting the argument's pattern^ the investigator has hypothesiEad 
what the Backing might have he^n^ had it been provided by the authors. 
This practice is followed when important elements appear to be absent* 

The simplest criterion of provision for aGceptance of an argument 
on rational authority^ rather than the personal authority of the 
author(s)j is the presence of all necessary elemeats* In the case of 
tho example above, the absence of Backing is SMtfleient to conclude that 
provision has not been made for a reader to accepi. the argument on 
rational authority* Detailed analysis proc^xcs in such Instances, to 
capltali on the opportunity to assess the applicability of the 
analytical scheme* 

A second criterion is the clear and correct indicatioi^ of the 
relationships of elemantii of the argument to each other* This ^.^ " more 
dilficult criterion to apply, since there is no sln^;:le or best way to 
Indicate relationships or to presant the elements of an argument. Notice, 
in the text above, that the Warrant (lines 3 to 7) Is given before the 
Data (lines 7 to 13) and repeated (lines 13 to 15) before the Claim is 
stated (lines 16 to 19). The contrast between the need to modify 
theories (lines 6 and 7) and the search for theoriee which are unchanging 
(lines 7 to 9) could be regarded as initiating a second argument, hut it 
has been interpreted here as raising a second Issue— the relationship of 
science to truth* In lines 3 to 13, there are no clues to differentiate 
the Warrant from the Data. The word "because" in line 13 does signal 
correctly the present.^'" ion of the l^arrant of the argument. 

Notes on the use of the 
analytical schema 

The ways in which a dimension of the analytical scheme can be 
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relevant to an argument arc functions of both the dimension and the 
argunmnt. The detailed analysis of a selected passage Is iiiteridecl to 
detei-minti as fiaiy ao possibla what a rolcvant dimension can Indicate 
about an argumeoLt and what that applicatioii can Indicate fibout the 
dimension. Normlly, one would be interested only in what the dimensions 
of the scheme Indicato about the argument being made. Here the primary 
interest is In bringing out as much Inforination as possible about the 
applicability of dimensions of the analytical scheme. 

As noted earlier, dimensions of the schema are Intended to serve 
as criteria for assessing those portions of arguments in which positions 
about science and teaching are expressed. Examination of the applica- 
bility of the analytical schema involves at least three general Issues: 
(1) the relevance and adequacy of each dimension, (2) the general useful- 
ness of the scheme across arguments, and (3) the capacity of the scheme 
to address all issues raised within arguments to which it is appropri- 
ately applied. 

With respect to the illustrative text and analysis above, it is 
possible at this point only to note, not to confirm, that two different 
dimensions of the nature of science appear to be relevant to the content 
of the text, and that no issues are raised which cannot be related to 
dimensions available within the analytical scheme. Detailed analysis 
tests the actual relevance and the adequacy of the dimensions, while 
comparison across selections tests the general usefulness of tbe scheme. 

It is possible to anticipate the argument-elements to which 
application of the analytical scheme will b" of most significance la .in 
overall assassment of an argument. In a Warrant-using argument, which 
ends in a Clalni, it Is the adequacy of the Data and Banking which are of 
greatest importance. In a Warrant-eatablishlng argument, which ends In 
a Warrant, the adequacy of Data, Conclusion, and Backing are of particu- 
lar Interest. 

Application of the Analytical Scheme 
to Four Selected Passages 
The analytical scheme is now applied to four of the eight passages 
selected fron, eight textbooks on the teaching of science. Application of 
the scheme to the remalnini four passages is presented In Appendix A, as 
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noted earlier. Tho rosuUs of the following application of the r.cha.e 
ara summarised and intarpreted in tha final section of the preaant 
chapter. Comments about the subsidiary analysis of four passages xr^ 
Appendix A also appear in that section. 



Selection B 

initial inspection of TsBMmM^J^^SSkJsimBX^AJS^^ 
Methods, by Brandweln, Watson, and Blackwood, suggasted that It would 
be particularly appropriate to analyze the first chapter. "Ways of the 
Scientist."^ The chapter discusses «any aspects of the work of scientists 
«nd it offers several opportunities to test the applicability of science 
dimensions of the analytical scheme. 

Identifying a convenient selection from the chapter proved to be 
™ore complex in thla case than in most others. Because tha entire chapter 
fonns one areument, it is necessary to include the opening and closing 
paragraphs as well as one full section of the chapter. Tltis is the 
longest of the eight selections. As the following analysis reveals, xn- 
dlvldual argumonta are elaborated quite fully. 



TF,XT 

A note at the begin ning : We 
haA^e an hand 42 syllabuses, from 
37 states, for general science, 
biology, physics, chemistry, 
5 earth science, and physical 
science courses. They have 
one thing in common; all pro- 
pose to teach the scientific 
method . Forty-one of them seem 
10 to deal with the "empirical 
approach", the slowest, least 
effective way of "problem 
solving . " 



INITIAL ANALYSIS 

This first paragraph of the three- 
paragraph introductory note (lines 
1-48) provides Data for an argument 
which spans the entire chapter. 
The last sentence (lines 9-13) ^ 
foreshadows the argumenc's Claim, 
which appears in lines 249-275 
of the text, below. 



TvoxU, Inc., 1958), pp. 11-35. 

-Ibid., pp. 11, 28-30, and 32. 
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Actually the x^ord "Bcience" 

15 stands for such a coniplcx vari-- 
cty of information, abilities, 
and Dperatlons that none of the 
many published definitions seems 
wholly adequata. We hesitate to 

20 add onG more effort to compress 
the grandeur of science and 
sclentlCic work into a brief 
pattern of words. However, 
perhaps we can clarify what 

25 science Isn' t^ and sugg.^st c:i- 
plicitly what it tmolvm^^ Many 
eminent scientists^ a/ philoEO- 
phers have written about the 
nature of science; those readers 

30 who wish to go beyond our dis^ 
cusBion may find the books 
listed at the end of the chapter 
helpful- 

One peculiarity of ours will 
35 certainly not escape youi we 

tend to think of science more as 
a vorb than as a noun; we tend 
to^^Uiink of the way a scientist 
works rather than what science 
40 ^7"we think that science Is 
more concerned with the process 
by which a body of reliable 
knov7ledge is obtained than with 
the resulting body of knowledge 
45 itself* Consequently when we 
talk of science , we shall really 
be talking about ways In which 
sci entists seek concepts, 

(Five sections of chapter 
omitted) 

Concept seeking— the way of the 
"scientist and the way of 



50 



his world 



Science^ it seems, Is inore 
than empiricism, more than 
problGin solving, certainly more 

55 than a method, or methods, even 
more than an attitude; it la a 
use of Intelligence in a very 
complex, and at present little 
understood, cerebration in an 

60 attempt to make sense of this 
world. Its patterns of Inves- 



The second and third paragraphs 
provide some indication of the 
approach the authors take to the 
analysis of science. They are 
reluctant to create another defi- 
nition of science (lines 14-16). 
Also, they are more inclined to 
Gonsider what scientists do, not 
what they obtain by their efforts 
(lines 34-45), This view is con- 
sistent with the earlier refer- 
ence to "the scientific method" 
(lines 8-9), 

These statements of basic per- 
spective are Indicative of the 
Backing for the argument. It is 
Important to note that the reader 
Is advised of the availability of 
a substantial body of literature 
(lines 26-33) , with which he 
could compare the Backing or 
basic assumptions of the authors. 
The last sentence (lines 45^48) 
announces a basic theme of the 
chapter, one which la closely 
related to Conant's analysis of 
science, upon which the authors 
rely heavily. 



The first paragraph (lines 52- 
77) of the chapter section chosen 
for analysis repeats several 
themes developed in preceding 
sections, particularly the 
Immediately preceding one* 

The Dma^aation of Boimoe 
dimension may he relevant to line 
52-65. The remainder of the para 
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tigation and its operations in 
iiivastigation are an attempt to 
discover the regularities » if 

65 any, of nature. The way of the 
scientlat is designed to deter-- 
' mine the way the world works. 
"Scienclng^ as Brid^an has 
itj is a total operation* It 

70 really has no beginning as such 
and no end as such« It lS| In 
a sense, the seeking of con- 
cepts-^^concepts and conceptual 
schemes which man builds to 

75 help him understand man and the 
universe. One concept leads 
but to another. 

In On Understanding Science , 
Conant emphasized the cumula^ 

80 tive nature of science in con^ 
trast to other fields of 
creative effort. Suppose 
Michelangelo, Raphael, Char din ^ 
and Rerabrandt were to come on 

85 the present scene to answer the 
question^ "Has painting advanced 
since our times?" We could 
visualize some Interesting dis^ 
cussions, but hardly agreement. 

90 And what might Beethoven, Bach, 
Brahms, Schumann, and Wagner say 
of modern music? 

What, however, would Newton, 
Galileo, Archimedes, Dal ton ^ 
95 Vesallus, Grew, and Mendel say 
of modern science? Surely they 
would agree that science had 
advanced. And in analysing why 
this advance might be so pal-- 

100 pably clear, Conant derives 
what to him appears a consls^ 
tently clear characteristic of 
scientific accomplishments 
Science Is both cumulative and 

105 self --eorrec ting . 

In eKaminlng the work of re-' 
search scientists and in analys- 
ing their reports, Conant ob- 
serves that the end result of a 
110 scientist's work. If indeed, the 
word "result" may be used. Is 
but another problem or several^ 



graph (lines 6S--77) indlcatee a com- 
patibility between Brldgman's position, 
previously presented, and that of 
Conant, The following sentence appeared 
In the previous section i "This is 
what Conant meant when he defined 
science as 'a series of concepts or 
conceptual schemes (theories) arising 
out of experiment or observation and 
leading to mw experiments and observa-- 
tlons."- This appears to be the source 
of the position expressed in lines 
71 to 77. 



The first argument of this section 
of the chapter appears in lines 
78-105. As Data, the reader is 
asked to hypothesise that great 
Individuals in three creative fields" 
painting, music ^ and sclence-^could 
ex^ine their respective fields 
at the present time and comment on 
whether the changes they note con- 
stitute advances (lines 78-96). 



As stated, the Claim that (only) 
the scientists would recognise 
advances seems to be regarded as 
self-evident. (See lines 87-92 
and 96-98.) However, the next 
sentence (lines 98-105) indicates 
that there Is a Warrant for this 
Claim, one which t^es Conant -s 
analysis of science as Backing. 
The Warrant expresses two char- 
acteristics of science. 



First to be explained Is the 
Warrant that science is cumula- 
tive. The Data for the argutnant 
appear to be the starting points 
and end results identifiable In 
the work and reports of research 
scientists. Comparisofi supports 
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not a concluaion or a *'iiew-' 
diocovGry, but a brGathing spac& 

115 on the way to another concept. 
The scientist's ^^ay is an uneind^ 
Ing quest, unending conceptual'- 
Ixationj or unending concept 
attainment; science Is truly an 

120 '^endless frontier." 

(One paragraph omitted) 

The scientist's aim^ conscious 
or otherwise, is a huiit for the 
coiiceptual scheme^ for a spatial 
pattern in the infinite Jigsaw 

125 puzxle of how the world works* 
A few such schemes (each based 
on many discrete facts ^ princi- 
ples, and concepts) are given by 
way of iliuatration: 

130 Th^ tf^arth Is Burrounded by an 
oce an of air > 

~Some_d is eases ar e caused by 
m icro or| ? an ismg^ * 
^ EKisting or^ anisnis are the 
135 tr esuit of g volut^nary changes^ 
during the earth ' s hlBtory . 

These conceptual schemes ^ 
which we admire and usej rc^ 
suited from observation and 

140 OKperiment, interwven with 
creative mental effort- If 
observations and esperlments 
are to lead to conceptual 
schemes which are to be a useful 

145 picture of the real world, they 
need to be reliable • But since 
man is not always reliable, the 
investigations must somehow be 
self --correcting. How is this 

150 self^correctlon by unremitting 
Investigation built into the 
scientist* s way of work? 

All men are fallible, even 
scientists. They, however, are 

155 acutely aware of their falli- 
bility, as the quotation from 
Bridgman has shown. A major 
question then is how scientists 
dealing with incomplete and ira- 

160 perfect data are able to estab- 



the Conclusion that solving 
probleins always generates new 
ones (lines 106»115). Thus the 
Warrant is established that the 
work of a GCiGntlst Is unanding 
and science is cumulative, ' That 
the Progress of &cienaB is relevant 
is clear from the Claiin of the 
previous argument (lines SS^-gS) . 

A subsequent paragraph ©Ktends 
this point by providing illus- 
trative eKamples of conceptual 
schemes of science (lines 121- 
136), The use of Conant's 
termliiology suggests that Conant'a 
definition of science (reported 
above^ opposite lines 67-73 of 
text) may be regarded as Backing 
for the Warrant, 



The transition to the Warrant 
that science is self -correcting 
is begun by citins a previously 
established Clain about the 
activities which x^asult in con- 
ceptual schemss (lines 138-141), 
Usefulness is said to require 
reliability, which must be 
achieved by selg-correctlon 
•'since man is mot always rent- 
able" (lines 141-149), This 
position may be regarded as part 
of the Backing for the Warrant 
about to be eKplained. 



The argument for the Warrant 
that science is self --correcting 
is achieved by citliig both Data 
and Conclusions^ Ineluded In the 
Data are the facts that all men 
are fallible, that eclentlsts are 
"acutely aware of their falli- 
bility" and inherently skeptical 
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lish general statements on 
which they put great rcliancG. 
This 1g accumplir*hed because 
HCientlstS, consciotiS of their 

165 limitations^ are itiherontly 
Bkeptictils in tUa beat; sense 
of the word, of their own work 
and that of others* Any single 
scientist's work must be con-- 

170 firmed, Tliis opeti--endedneBS of 
an investigation^ the realiza- 
tiou that concluaioris are not 
flnali always provides oppor- 
tunity for reconsideration of a 

175 result when new data become 
available (New tools may 
play a major role In providing 
such new data.) The scientist 
must accept some ambiguity in 

180 his knowledge even aa he strives 
to lessen the arabiguity* 

Bridgmam has stressed the 
importance of using the correct 
oporation in making observa- 

185 tlons. This involves the appro-^ 
priate choice and arrangement of 
tools. We would all agree that 
a ruler is appropriate for 
measuring height^ but not for 

190 measuring Intelligenca* Ifnat 

constitutes the •^correct" opera- 
tion is always somewhat in 
doubt; one does the best he can 
and leaves, to his colleagues now 

195 and later the task of criticism. 

Thus scientific %^ork is never 
ended; it can always be extended 
and improved* For instance^ 
Filtdown Man, long a debatable 

200 construct of the anthropologist ^ 
Is now recognised as a classic 
hoax* How the fraudl was finally 
exposed is a fine example of the 
self --correcting nature of scien- 

205 tlfic study. The original 

papers are worth reading. They 
would serve well to lllus-^ 
trate many aspecta of how the 
scientist works. They also 

210 Illustrate how tha scientist is 
constantly scrutlniging his 
"operations," "concepts," and 



of their v/ork, and that their 
investigations are open-ended 
(lines 153-^157, 163-173)* (In 
the quo cation j Bridgman dis- 
cusses "scientific method" and 
raises the topics of truth, 
verification I and objectivity* 
He concludes, in part, that 
"science is what scientists do.") 
The relevant ConcluBions are that 
one scientist's work must be con- 
firmed by others, that there are 
always opportunities for recon-- 
sidering results, and that some 
ambiguity always remains in 
scientific knowledge (Unas 168- 
170, 173-'181). These points 
appear to be regarded as suffi- 
cient to establish the Warrant 
that science is self ==correc ting. 

The parenthetical remark 
in lines 176-178 is expanded in 
a brief reference to Bridgman* s 
position that Instruments of 
observation have significance 
for scientists' work. Apparently, 
one aspect of self ^correction 
involves agreement that the 
instrumentation was correct, and 
development of new instrumenta- 
tion, if it seems to be needed. 



An example is provided of a 
situation in which science was 
self -^correcting (lines 198-202) , 
Thm reader Is referred to docu= 
ments which provide detailed 
evidence. As one would expect ^ 
the docraienti are said to lllus= 
trate the sGlentist's self^ 
scrutiny j which can be associated 
with the Inherent skepticism 
previously mentioned (lines 163-- 
168). Indication le given that 
the history of science is a good 
source of evidence relevant to 
this Warrant concerning self'- 
correction (lines 218-226) . 
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"conceptual schemes.*^ He is 
constantly askings 
215 What do we know? 

How do we know It? 
How well do we know it? 
As a scientist consistently 
asks quastlons of this nature* 
220 he introduces a self-correcting 
clement Into his ways of work* 
Scientists^ we repeat, can and 
do Tiuike mistakes* Anyone who is 
familiar with the history o£ 
225 saience can cite chapter and 

verse. But the sclontist-s way 
is self ^correcting mainly be- 
cause confirmation of observa-- 
tion is made by many others who 
230 arc free, to a reaBonable extents 
of the personal bias which may 
have influenced the original 
statement. In science ^ too 
many cooks do not spoil the 
235 broth. The meal is prepared hy 
many cooks working In many 
different kitchens* Hence, any 
conclusionj confirmed as It is 
by different men, with difforent 
240 intent and in different situa-* 
tionSj tends to approKlmate the 
♦'truth J* And hence ^ when the 
conditions are better known and 
the operation is appropriate, 
245 future results are increasingly 
predict able* 

(One paragraph and one section 
of the chapter omitted) 

T^^vLnp the ways off the 
scientist 

We began this chapter with a 
250 mention of 42 syllabuses at 

hand. Only one of them Implies 
that there are many methods of 
acioncel 41 of them clearly 
imply that the scientific method 
255 is what we have called here "the 
empirical" or "try it and see" 
approach. Some of the syllabus- 
es call this approach "problem 
solving." This tendency to 
260 simplify a compleK subject^ to 
seek a single approach to scl- 



The self-correctitig aspect of 
a scientist's niethod is said to 
depend most heavily on the fact 
that other scientists must con- 
firm observations* The reference 
to elimination of personal bias 
(lines 230--233) suggests that the 
ObjeaUvUy of saienae dimension 
may be relevant. The authors 
seem to regard It as self-evident 
that scientific conclusions tend 
to approKlmate the "truth." The 
RelaHonship of soianae to tvuth 
dimension may be relevant. The 
double use of 'llence" (lines 237 
and 242) Implies a direct logical 
link from confirmation by others 
through apprOKlmation of the 
truth to increasing powers of 
prediction. 



The concluding paragraph of the 
over all argument of the chapter 
is cited to compiete thm con tent 
provided by lines 1^48, above* 
Tha Claim of the overall argument 
Is given Ic lines 263-^270, while 
the initial Data are referred to 
in lines 249-259* The reference 
to concept seeking (lines 270- 
275) j Introduced by the phrase 
"of course," is again indicative 
of the Backing which the authors 
adopt from Conant's work. The 
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encGs is uoduiJHlandable but it 
can be vary miylc-ading* Actu- 
ally, an wci havo BCi^iij ttjie 

265 hijglilx^HOlJEiyi^yiA J 

solving is but one approach of 
^^FTcle^lBt / and it i& a very 
slow one, used as a last resort 
when we have, no better guides to 

270 action. A^d, of course, scien- 
tists seek and solvf, " ^^^blems in 
order to find cor , : ^^^nce 

lii^au :ul.^r hfi' .i^;/ _.,^d as 
concept s^jkin^^ , ar than 

275 proLleTT solving. 

(One pc-^ragraph omitted) 



reUuction of thG many tnethods of 
science to one is regardcid by the 
authors afi potentially "inlBload- 
ing" (lines 259-263). 



Detailed analysis 

Preparing argument'-patterns of the arguments in Selection B is 
a rather involved process, but it does help to indicate the Inter- 
relationships of the arguments. Figures 3 and 4 refer, respectively, 
to the argument of the entire chapter and to the arguments in the 
section selected for complete analysis. The Warrant in Figure 3 is 
established within sections of the chapter which precede the section 
analysed here. One- establlahed, the I7arrant can be used to reach the 
indicatad Claim, 



DATAi Forty=twQ science syllabuses 
propose to teach the scientific 
method^--the einplrlcal approach to 
problem-solving* Only one syllabus 
implies that there are many methods 
of science. 



So, CLAIM; Empirical 
problem-solving is but one 
approach used by research 
Bclentlsts * 



Since, WARE^T^ \ are many 

methods of s^:t?^j^^^, ^rtlch have 
been desaribed ind discussed. 

On account of,. BACKING i What 
scientists do when doing researchj 
as raported and Interpreted by 
Conant and Bridgman* 

Fig. 3p^-The argument-pattern of the chapter 
from which Selection B is taken. 



i&nt B-t 



^Each argument In a selection Is assigned a number to facilitate late 
refcroncas to the argument. 
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DATAi As & time grant painters,-— 
composers, Bciaatlsts wara nliva 
to answer whetUcc their fields 
hnvG advnncod . 



CLAIM: The great sclciUtists 
would agrGa that their field 
has advanced* 



DATA- Starting 
points and end 
results of 
research and 
reports 



Since, WARRANT 
cuniulative and 



^CONCLUSION: 
Comparison shows 
that solutions 
generate new 



problenis 



Science is 
self --correcting 

DATAi Scientists- 
are fallible, 
aware of their 
fallibility, and 
inherently skep- 
tical. Investi^ 
gat ions are 
open-ended >^ 



CONCLUSION I 
One scientist's 
votU must be 
-onflrmed by 
others . 
Results can 
always be re- 
considered. 
Some ambiguity 
always remains* 



Since, WMRANTi 
Science is self- 
correctlngj^ 



Since, WARRANT I 
Science is 

cumulative Av^MBnt 

On account of, BACKING; 
Scientists seek concepts 
or conceptual schemes for 
the way the world works 
(Conant) 

^j.^ 4 ..The arguments in the main portion of 
u f^ki^Tr inter--relationshxp 

Selection B, shown xn therr inter 



Argument B^4 



EKLC 



perhaps the .ost important of the relationships revealed by these 
di.8ra». is th. f.ct tl,»t th. .rgo^nts in Figure 4 elaborate tKe 

^ . -n^ 1 qriPr-ificallv* the Warrant 

Backing for the overall argument m Fxgure 3. Specxtxcally - 

that sctenca Is cumulative and s.lf-correctlns Is developed £ron Con nt s 
,„aly.l. o, sclenti.ts. researcH patterns. A. the dotted lines .n ngure 
4 indicate, a Warrant about science is obtained by uniting two separate 
Warrant-estabUshlng arguments. That Warrant is used to justify a 
Clal» (to the effect that former scientists would recognise an advance 
in «odern science) which see.s intended to generate ^" 
suhscuent explanation of bow tho two Warrant, were estabUshe 

. , 1 „ie fm.r science dimensions are cited as 
In the initial nnalyais, tour scienci, uj. 

potentially applicable to Selection B. The possible application of the 
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Demaroation of aoienos dXmenslon to Unas 52 to 65 Is auggeated by the 
fomi of the sentences: "Science, It saema, is . . and "Its patterns 
. . . and its operationo . . . are . . . Essentially, the authors 
seem to say that sscicnce ia an attempt to discover regularities itj 
nature, by a complex and incompletely understood use of intelligence. 
Then scienco Is deseribed in Conant's terms, as the SQeklng of concepts 
and conceptunl scheuies. 

The differences among the three positions on the Demax>oaHon of 
soUnae dimension do lend support to the view that science Is not com- 
pletely understood. Beyond that, the authora' vlev ■ ' .iCience as the 
seeking of conceptual schemes whi-.h express regularities is not as 
carefully detailed as the positions on this dimension of the analytical 
scheme. The authors describe a process, rather than a result, so their 
statement has closer affinity to the form in which Kuhn's position is 

expressed. ' . 

The argument for the Warrant that science is cumulatlvi lines 
106 to 136) readily sugsests comparison with positions on the Pvofifress of 
scimcB dimension. The most significant content of the arBument is the 
Conclusion that ending work on one problem generates work on one or more 
additional problems. There is nothing tn the argument to suggest that 
the authors do not see accumulation as a cantlmious process. While the 
authors' position could be compatible with either Carnap's or Popper's 
position, the criteria provided in the argument Itself are not specific 
enough to permit one ta recognize one of the positions on this dimension. 

In the argument that sclance is self -correcting, (B-4| lines 137 
to 246) the phrase "self ^correcting" is suggestive of both objectivity and 
truth. The relevance of the dimensions of OWmUvity of aaimom and 
Relationship of soienae to tmth becomes most apparent in the closing 
statements of the argument (lines 226 to 246). With respect to the Obc^atmty 
Of soienae, the authors stress that personal bias is avoided by having 
others confirm the flndlnss of any one scientist (lines 226 to 233). Inter- 
subjectivity Is an element of Popper's position, but his analysis stresses 
the form of scientific statements, not the form of scientists' actions. 
The other Claims (lines 170 to 181) made by the authors in this argument 
suggest appllcacion of the EelatipnBrdp of aoienae to truth dimension. 
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The reforonccs to open-midednoaa and nmbiguiliy abow slmUarlLy to Popper'.' 
position, with ona iiaporCant diCCcronco. Tho aLntement in li-;-* 237 to 
Va suggcBta that a position with rcdspect to obJacta.vity lands uirGctly 
to a poHitlon about thu relationship of scicincc to truth. The analyf -is 
of sciunca by Carnnp, Popper, and Kuhn do not suggest that one dirnnnBini: 
la a sub-dimension of the other, as the authors^ argument does. Grc-it 
detail would bo required in thlw argument to iiuikc further comparisons 
with position;, on either of these dimeuslona of the ana%tioal scheme. 



Commentary on the analysis 

Analysis of Selection B indicates that the authors have attempted 
to proscnt their arguments fully and to identify for readers the basic 
principles underlying their position. They acknowledge their dependence 
upon Conant's view of science as the seeking o£ concepts and conceptual 
schemes. They also point out that it is possible to go beyond their 
dincussion, and they identify soma of the urcos available for doing 



so, 



Application of the analytical scheme is made to the Data and Con- 
clusions of two Warrantees tablishins arguments, in which the autbors 
elaborate the Backing of a Warrant-using argument to the effect that 
g^eat scientists of the past would interpret modern science as 
advance over the science of their times. These arguments, which are 
outlined m Figure 4, serve in turn to elaborate the Backing of the 
argument which is outlined in Figure 3, and which spans an entire chapter. 

Four dimensions of the nature of science are relevant to the 
arguments in Selection B. In general, application of the analytical 
scheme to these arwraents Indicates that the authors do not provide a 
degree of detail comparable to t which is available within the 
sources for the dimanslons of the scheme. Thus complete aoraparison Is 
not possible. The authors raise a number of significant Issues and 
discuss thein at some length, yet details of their position are lacking 
and they do not illustrate the possibility of alternative interpretations. 

One specific comparison can be made. With the Warrant that 
science is self ^correcrlng, the authors appaar to treat simultaneously 
the topics of scientific objectivity and the relationship of science to 
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truth. In cunUrast, construction of tlio analyUiccil HchuniG has Indicated 
that theire is valua In treating thewc iHaueB separataly, Tha pattern of 
thlB argumcuitj shown in Figura 4, provfidas clues for eKplalning how tha 
two iHb^uQB came to bc; luorged. In the Data, iallibility and skepticism 
arc r;rniiped together as characterife^tlcs of scicntlatSj wliile In the Con-- 
elusions J intcrHubJect Lve confirmation and the accaptance of some ambi-- 
[^uity In reBults .i.o Binillarly grouped as characteristics of scient::L^^tH ■ 
work. The failure to treat these two issues separately may arise from 
these groupings or, more Bimply, from the decision to use the Eangle 
term^ ''self ^correcting . " The siiaultaneous truatment of two important 
issuCB is regarded as a limitation of the arguruant^ identified by 
application of the analytical scheme. 



S electi on D 

In contrast co Selection in which the arguments focus on the 

nature of science, the argument in Selection D is related to the concept of 

teaching. The selection is from Massey 's text, Patterns for che Teaching of 

1 

Scien ce. As its title, "The Hida^i Nine-^Tenths , " " suggests, the chapter 
stresses the importance of a teacner's bef ore--class planning^ planning of 
which pupils remain largely unaware* Part of the cnapter xdentlfieB 
different aspects of planning and provides some practical suggestions. The 
portion titled ^^Before Beginning to Plan"^ describes three teaching patterns, 
or approaches. It seems an obuious choice for analysis because the 
patterns refer directly to se ral of the teaching dlma^-^ons of the 
analytical scheme* 

Presentation of thrc ing patterns consti ^ ♦^he larger 

portion of the excerpted passa^,^. The balance contains stat^manta about 
conditions bearing on a teacher's adoption and practice of a phlln ophy 
of education. The point of the passage seems to be to Identify three 
basic alternatives available to a teacher, with the recomniendation that 
a beginning teacher should select one of them. Dimensions of the 



^Norman Bland Massey, Patterns for the Teaching of Science (Revised 
ed.i Torontoi The Macmlllan Company of Canada Limited, 1969), pp. 34=-37* 

^Ibld ,, pp, 34-35, 
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anaiytlcnl schema can bu ;:f>od io nnaly>:u thv 
wirLcli conF^LLLuLo th:i DiUin uf the? arguniunt* 



TKKT 

Befuru Bu£;innJin\ to iMan 

piu: "^i.-o8QnH, lu:. must:, ui: 
courwe^ have dacidcd on a 
tuachlng metliod, and this ^ili 
5 dupend on his philosaphy of 
educnLion* This may to some 
extGiit; he controlled by the 
philosophy of the school in 
which he Is teachings well 
10 an by the philoBophy of tlie 
£.GhoDl Eiystem, but it is 
largely the teacher who deter- 
mines how he will teach the 
students in his classroom* 
15 The nature of his role iSj to 
a great extent, of his own 
making. Will he choose the 
more traditional pattern, in 
which the teacher is the cen^- 
20 tralj dominant figure, decid-- 
Ingj with the help of the 
syllabus, what will be taught 
and how it will be taught? Or 
vjill he adopt a more modern , 
25 or 'pro^j/csslveS approach^ 
that views the classroom 
pupll-^centred, and the teacher 
as a guide to assist the pupils 
in the investigations they 
30 themselves have initiated? In 
the ff}rmer the emphasis xs on 
the teaching; ^n the latter it 
is on the learning. With the 
traditional approach the teach^ 
35 cr has the advantage of thor- 
ough plamiing and a fair degree 
of'Vrcdlctabllity of his suc- 
cess. The modern approach does 
not permt this to any great 
40 extent, for the class Is large-^ 
ly allnv-:-d to follow its own 
IntorGyt. If the class, or 
part of the class, becomes 



three teachiiK^ pnttcrnH, 



INITIAL A:nA%YSIS 



The opening statements (lines 
1-^17) establish a coi:teKt* rairL 
of the first sentencu (lines 1-6) 
provideB the Warrant for the 
implied Claim that a beginning 
science teacher should personally 
select one of three posniblc: 
teaching approaches. The rest of 
the first sentence (lines ^-6) 
indicates that selection is made 
according to oneVs philosophy. 
The balance of the introduction 
(lines provides a Qualifier 

on the Claim that a teacher 
should make a completely personAl 
choice of teaching approach. 

An initial description (lines 
17^30) of the -^traditional" and 
"progressive" approaches ±b fol- 
lowed by elaboration of these two 
patterns. The phrases "Will he 
choose . . , (line 17) and "Or 
will he adopt . * , ?" (lines 23^ 
24) suggest the app^^rent Claim of 
the argument, that a teacher 
should select from among the 
three approaches which constitute 
the Data (lines 17-54 and 63-95) 
of the argument. 

The CarmmniQation and Use of 
expQTtiBe dimensions are relevant 
to the presentation of the first 
two teaching approachrs* In 
lines 30-^33, special uses of 
words are introduced; the Natmra 
of learning and Nature of teaah- 
ing dimensions are relevant. In 
lines 33-54, additional Data 
rbout the tt^o approachej are 
provided from eKperlence, 
Thorough planning and predicta- 
bility for the teacher arc set in 
opposition to follot'jing interosts 
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Interested in micrometeorc i hk _ 

45 for eKample, it can study lu[ 
aspect in some depth, Becausa 
careful planning is not ordi- 
narily possibla under these 
circumstances, the teacher must 

50 have a good backgrnund knowl== 
edge of his subject and be con-- 
stantly alert to opportunities 
for learnings if his guidance 
is to be effective. The 

55 follov/ing chapters contain 

many elements of the tradition- 
al type of teaching, for' this 
is the method adopted by most 
tiachers at the beginning of 

60 their careers ^ but the possi- 
bilities of the other approach 
are not overlooked. 

In recent years there has 
been an increasing emphasiB on 

CS the scholarly aspect of science, 
Pupils have been made acquaint-^ 
ed with the actual way In which 
'^^cientists work. They have be- 
come aware of the existence of 

70 the variou? cisciplines of 
science^ rf ine scientiri^s 
methods, and of the structur^a 
of scientific taiowleds^^^ Sci- 
ence c 1 as B / b i\ *:- b er ume places 

75 where thr o-.^ nnn investi- 
gate somu 0 1 f:iiB p\\n lomena of 
this world in more Lr less the 
same fashion as the research 
scieiTitist. Some of these in- 

80 vestigation. might be original; 
somc; of the problems mig! t not 
even ba capable of solution. 
Others might be designed to 
lead the young student slIquq 

35 the same path of discovery 

that some famous scientist once 
followed. The aim of this 
approach is, in partj to give 
students a realistic apyrecia- 

90 tion of the role of the re- 
search scientist and to en- 
courage young people to con- 
sider science as a career. It 
is essentially an academically 



of pupils* The example in lines 
42-46 suggests that control of 
subjects-matter content is a 
basic consideration. 

In lines 46-54, a rationale is 
given to explain why the "pro-^ 
gressive" approach requires aore 
background knowledge. The Nature 
of teaahir^ and Use of esspertise 
dimensions are relevant to this , 
and the preceding point. 

In lines 54--62, subsidiary Data 
are provided about the method 
chosen by most beginning teachers 
and about the appearance of the 
two approaches in subsequent 
chapters of the book. 



Discussion of a third teaching 
approach in lines 63=95 completes 
the presentation of Data, The 
third approach is referred to as 
an "academically centred 
approach" (lines 94-95), 

It seems most appropriata to 
interpret each teaching approach 
as a Warrant for a teacher to use 
in planning and interpreting 
classroom events. One's philoso- 
phy of education would be the 
Backing for the Warrant, This 
third teaching approach is de- 
merit Indirectly at first 
(lines 66-73) ^ by reporting socm 
outcomes pupils have achieved 
with the pattern. Emphasis is 
on how scientists work and on the 
structure of scientific knot^ledge. 
These general phrases suggest 
comparison with the Na:^rm of 
knowledges Natiim of iQazming^ 
and Natux^e of imohing 
dimendions * 

The discussion in lines 73-87 
is more directly indicative of 
the characteristics of the 
"academically centred approach." 
Lines 87-93 extend the indirect 
description in llnea 66-73* 
Lines 95-98 provide additional 
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95 centred approach* Soma alD- 
manun; of tlilB \my of tuaching 
acicnca ace al^u) to ba fouud 
in thlB hook. 

Al though l:hc teachGr musC 
100 have Home p]: i.loaophy of: science 
oducndnn I :ure ho can uudGr' 
Uaku aiiy lasBon plaunlngp Lhis 
phLloBophy vj±ll^ no doubt, be 
changad as hln teaching caraer 
105 advances. It will be modiEicjd 
by Qthor school of thought 
and probably it will become a 
coiapofciite of the traditional, 
the progressives and the 
110 academic* 

Whatever tlie approach 
adopted, howevtiL^ tha teacher 
will or ' .^Qd if he learns 

to resp pupils as indi^ 

115 vidua is* must trust each 

of them^ eKpect a measure of 
success from each of themj and 
rocognis^e the i>erLK)nal vjorth 
of eacLi of them 5 if he is to 

120 uHtabiish a basis for the 
practice of his philosophy 
in the clash^roota. 



subtu=diary Data abaut subsaquent 
chap Lacs . 



Upon completion of the pre-- 
sentation of Data^ the discussion 
returns to the remainder of the 
argumenl:* ThQ Vfarrant Is 
repeated (lines 99^-102) and then 
c^Kteiided to include probable 
development subsequent to the use 
of an initial teaching approach. 



The final paragraph (linas 111^ 
122) Beems to offer Conditions of 
Rebuttal relevant to all argu-- 
mentg which predict success for 
any teaching pattern or approach. 



Detailed analysir 

As the inLtial analysis indicates, it seems appropriate to treat 
this passage as a single argument which is supplemented by related 
Claims and Data. This is a Warrant-using argument for the Claim that a 
beginning science teacher should select one of three approaches available 
for teachirg scicace, Uiagrammatically , the argument may be summarised 
±n the follo^^/ing way. 
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DATAi Tharo are thrao 
conmoii nppraacheH for 

t r £ I d J. t: i u i V 1 1 , program-- 
kIvcHj and fu*Ad*^mLcally 
ccuitirud . 



So, QUALIFIERS 
Within tlie (litnor) 
limtta imposad by 
the philosophies 
of the scViool and 
school system 



WARRANT: A 
tciacher must selGct his 
1. e a c h 11 g approach be f o r e 
ha can begin to plan 
lessons . 



CLAIUi A beginning 
taacher should choose 
one of three available 
approaches j according to 
his personal philosophy 
of € ducatioiu 



On account of^ BACKING 
(hypothesiKOd) : Teachers 
tend to use a single 
approach to te-aching* 



Argiimmi P^l 



Fig. 5*-^--The argument-pattern of Selection 
with Backing hypotheslzod. 



The argumeiii: provides a contoKt within which the author can present 
three approaches to teaching science. The actual presentation of the 
approac'.Gs is the iiuijor purpose of this passage, if the proportion of 
space devotGd to Cm ]}rcsentation is indicative of its importance. The 
Claim of the argument may provide motivation for interided readers to 

consider them carefully. 

Many of the concept-^of-teaching dimensionB of the analytical 
scheme can be applied to the presentation of three patterns of teaching, 
liere interpreted as the Data of thot argunient. The content of lines 
19 to A6 B' ,:.cji:s that tbe ■■traditional-* approa- c-orresponds closely 
to wliat b been termed an inforination emphasis, while the '■progressive" 
appro , 1 corresponds to the insight emphasis in rh^ a'^nl- ' si scheme. 
The dimensions of Carmmiaation and Uae of experoiuB ar^ clearly 
indicative of tiils correspondence. Rcfarence In liues ±J to 23 to the 
teacher's being dominant---'moklng decisions about what and how to teach™ 
corresponds to the information emphasis on those dimenalons. Reference 
in lines 27 to 30 to pupils initiating Investigations which they pursue 
with the tcachGr^s guidance corresponds to the insight emphasis. 

Both the Nature of learning and the Natia^B of t&aahing dimensions 
apply to the Claim^ made in lines 30 to 33 * that the traditional 
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approach emphasiEes teaching while the progressive approach emphasizes 
learning. This Claim restricts sxcessivftly the meanings of the words 
"teaching" and "learning". Such a simplistic approach is avoided by 
using the information and insight emphases to develop the portion of the 
analytical scheme which relates to the concept of teaching. 

The reference in lines 33 to 38 to thorough planning and predict-- 
able success suggests the considerable or complete structure of the 
information emphasis* The points developed in lines 38 to 54 seem to 
indicate a departure from the correspondence between the progressive 
(or "modern") approach and the Insight emphasis. This portion of the 
Data corresponds more closely to the composite perspective on the Use of 
expertise dimension* That is^ the author clearly indicates that a teacher 
must be prepared to usa his knowledge of a subject to guide his efforts 
to make learning possible* In shorts these shifting meanings could be 
quite confusing for a reader. 

The terms used to describe the "acadf*^^/ '^ally centred" approach 
seem to correspond closely to certain features of the composite per- 
spective. References to how scientists workj in line's 66 to 68 and 
75 to 79j are suggestive of ^ but nvi. is complete as^ the composite 
perspective position on the Natum of teaahing dimension* The composite 
perspective position on the Nature of knowledge dimension is suggested by 
the reference to disciplines of science in lines 70 and 71* Finally^ 
into the reference to methods and structure of kLJwledge in lines 71 to 
73 J one may read the combination of information and judgment eKpressed 
in the composite perspective position on the Nature of lemming and Nature 
of teaahing dimensions, 

Conmentary on the analysis 

With the ,.',xcciption of the Authority dimension, all dimensions of 
the concept of teaching are relevant to analysis of this selection. 
All of the issues raised within the presentation of three approaches to 
science teaching can be Interpreted adequately by application of the 
analytical scheme. 

Use of the scheme to analyEe the content of this argument raises 
two points particularly relevant to an assessment of the applicability 
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of Uha schcmt^. In lines 3D to 33, tliu \7otdii "teaching^' and *'lcarning^» 
are uiAod qulLa clinfi/rently tiluin Glscv/hciire in the argiiment—almosl; in a 
slo[^an sanse. Application of the analytical scheme rGodily identiries 
this diffurent usage. Tlie analytical schema enaoles one to Identiiy 
the traditional and progressive approaches with the Inf u L..K^tion oad 
insight emphases in a straightfoinv^ard manner. 

A Becond comment on tho applicability of thu analytic. ' ^u.:ur":i 
emerges rom the usae of the CofT^immiaation and Ug0 o/ e^cp#ftib . .~-H^<i- 
sions to analy^^a lines 19 to 42. I^iile both dimensions do ;^^icm rfilt^vaar 
to thr^t portion of the argument^ there is some ambiguity in disting :iGb^ 
Ing the applicability of one dimension ^rom that o£ the other. The 
differencfvi h^'t^^?een the two dimenGions need to be expressed more cloBL^yi 
modificMr ^ to the scheme are suggested at the end of the chapter, 

, previously s the analytical scheme is applicable only ro 
the Data Mia argument in Selection D, Application of the scheme suggests 
that the traditional, progressive, and academically centred approaches 
show some cor respondf^nce to the information emphasis^ the insight 
emrhasis, and the composite perspective. The correspondence is a limited 
one* Poiats of opp03ition between the traditional and progressive 
apnroacheB appear more as differences of opinion than as systematic 
diffcreuces. The various dimensions of the analytical scheme represent 
different and explicit ways of comparing the three perspectives on 
teaching * 

A variety of limitations have been identified in the presentation 
of the Data. Backing for the Warrant Is not made available* Accordingly, 
it is jud^:;ed that the argument falls short of making provision for accap- 
tance on rational authority, 

bolection H 



The gpaning section in Romey*s Inquiry Techniques for Teaching 
Science is titled, '"Vmat is Science?''^ The passage combines discussions 
of what science is and how science is and c^riould be taught, to reach the 



^Willlcim D. Romay, Tnc|iilrv Techniques for Teaching Science (Englewood 
Cliffs^ N,J.i Prentlc€i-Hair, Inc, 1968), pp. 3-4. 
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couclusiQii t:Uat: HcUnca Laadiing should uinphasizu thu proccsaes mid 
mauhodfci ol Bcion t: bir:H , continuously and froM an early age, 

Applicatioa of Toulmln'a concept of an arsument^pattGrn suggests 
that parL£; of Uwclve different arguiuants appear in this selection, with 
ConcluHlons of soma arguments serving as Datn lot succeeding ones. Whan 
raadiug tha paBsaaa, it Is significant to note that six of thQ arguments 
employ or sGncrato pairs of mutually QKclusive alternatives. Once these 
alternatives have been estalished, the overall Claim appears to be 
reachud by an implicit Warrant to ^hc effect tl m: v^hen one of two alter- 
natives has many shortcomings, one should proceed according to the other, 

Because so many arguments appear in a :.hort space, the initial 
inalysis accompanying the selected passage is somewhat sketchy. More 
complete analysis follows. 



TEXT 

What is Science? 

Books about methods of teach- 
ing science invariably begin 
with a section that defines 
"science/^ Ferhaps this is the 
5 bent place to begin, 

Ik you should examine most 
college science courses ^ you 
might have to conclude that 
science is primarily a large 

10 body of knowledge. College 

teachers seem v;illing to accept 
W3 tliout any objection the 

rl^ilnal meaning of the Latin 
v*o;<2 scientia; knowledge, 

Vj Fv a tors believe that begin-- 
teachers generally imi^ 
tat.? the person they consider 
to have been their own best 
teachfei% This often leads to a 

20 series of lectures supported by 
a small amount of laboratory 
work and group discussion. In 
such a framework the teacher 
becomes a figure of authority, 

25 whose main function Is to dir.- 
pense knovrlc dge. Teaching is 
then a matter of the teacher's 



INITIAL ANALYSIS 



The preferred definition of 
science appears in lines 99'-104, 
It is contrasted with the defi-- 
nition in line 14, to create one 
alternative relevant to the 
overall Claim of the passage. 

The first argument (lines 6-14) 
seems to use an implicit Warrant 
that a teacher's teaching re- 
flects his understanding of his 
subject. The Na^tWQ of knowl&dgQ 
axid Demavoation cf eaienae dimen- 
sians are ralevant. The second 
argument (lines seems in- 

tended to explain wb.y beginning 
teachers lecture^ in prefej-ance 
to laboratory work and discussion. 
The UatiwQ of tmahing dimension 
is relevant, Au^^ioipity 
dimension appl?^e tc the thirv. 
argument (lines 22-^26), which 
extends the first two. In turn, 
it is eK tended by tha fourth 
argument (lines 26-29), The 
arguments in lines 22--29 seem to 
use implic: t Warrants coiicerning 
popular peireptlons of specific 
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dGiiionstrtitlng to his students 
how much ha knows. 

A numbar of years ago, after 
the author had liandtid in a 
mudiocru rGpo?:t: ±n field geol--' 
ogys thG course instructor in-- 
formed the author that geology 
uas morG an art than a science, 
Howevars as the author contin-^ 
ued graduata study he found 
that the courses he took empha-^ 
sized more and more the facts 
of geology and the conclusions 
of other geologists. As do 
most students in science 
courses 5 he had to memoriae 
factual information and then 
reproduce it on examinations. 

Then the author found he had 
to work on a thesis project for 
which there was no authority 
vjith a set of neatly prepared 
answers* Most of the knowledge 
he had gained in his courses 
was -useful only as a tool to 
find answers to problems* He 
had to discover even the prob- 
lems themselves. How much 
mental strife might have been 
avoided had his training in 
course work been aimed more at 
the recognition of problems 5 
the formulation of hypotheses 5 
the gathering and analysis of 
data^ and the arrival at con- 
clu as» 

In a senses the teaching of 
science can he compared to the 
teaching of art* Some art 
schools stress the history of 
art^ whereas others arr more 
concerned with studio art; 
actual painting or sculpture. 
The difference between the two 
approaches is that one produces 
art historians whereas the 
other produces artiBta, The 
same Is true of science. At 
present, many of our secondary 
schools EAcl colleges are teach- 
ing th^. history of science 



behnviorr^. The Ubq of &xpm*Lin€ 
dimension is relevant to the 
fourth argument. 

The fifth argument (linas 30-^ 
63) builds on Data from the 
author's experience as a graduate 
student. The argument develops a 
contrast between an emphanls on 
facts and memorisation and an em^ 
phasis on the identification and 
solution of problems. The fifdi 
argument is interrupted by the 
siKth, for wUich only the Claim 
Is presented (lines 41--45). ito 
Data beyond the au thorns own 
experiences are presented. The 
fifth argument seems to use an 
implicit Warrant to the effect 
that prior training could reduce 
the "mental strife" associated 
with not knowing what to do in 
an unfamiliar situatir'' Tlie 
Claim Is made (lines ) that 

the author could hav : ■ 'ed 
much mental strife h aean 
trained in particular jn-- 
tlfic) processes. The £)0ma2^aa- 
tian of saimae and How &npiriaal 
cont^?nt ina^BMBS dimensions 
appear to be relevant. 



On the Backing of the author's 
opinion, the seventh argument 
(lines 64-'79) relies upon a 
Warrant (lines 64-66 and 74-75) 
that art teaching and science 
teaching are comparable in the 
types of outcomes achieved ty 
different instructional patterns* 
A contrast is set up between the 
history and the actual practice 
of a discipline. The Natum of 
teaahing dimension is relevant. 

In lines 79-'84s only the Claim 
of the eighth argument is pre-- 
Bented, eKtending the history'- 
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rather tiian scionca iU'>nlf. Wci 
80 burden jitudents with fnctual 
kiiowladgtt, but few RtudcuU* get 
to d_o r.cIoncQ until they reach 
tha Icval whcira thay must wrlta 
a ituiBtor's or doctor *s thesis. 
85 Arjklng a highachool or college 
undergraduaLe to learn saicncia 
froiu a book or from a sou of 
lectures xn a little like ask-^ 
iug a iiiusic p^ud^nu to learn 
90 the noteH to a compositioii for 
the piano beforo he has been 
taught how to play the Instru- 



practice contrast and attributing 
a dlBadvantage to an □.::phasla on 
facts. The Uaa of o^r^^rgrtiaa and 
Natuve of learning dime-asions are 
ralGvant to this and the licxt 
argument. 

The ninth argument (lines "'^ 
93) uses a Warrant that tetich' . 
Iiiusic and teaching i>cieiice u^r^' 
slightly similar J again on the 
Backing of the authar's personal 
belief. Implicit is a Claim that 
It is absurd to learn science a a 
facts from books and lectures* 



Recent curriculurn :-"udies 
95 niake it clear that ng 

children j even at 1 emen-^ 

tary Hchool levc' i iable 
of doing simple > .cjuLiiM 
work* The wor . ci.:niLifi 

100 c orn e s from the i: q '. . I; i n : r d s 
scientia ^ know .cu;^ej and 
facor^s to make. ^ . cien-- 

tific" refers to liui creating 
of knowledge* Students need 

105 not wait until graduate school 
to do scientific work in 
science classes. On the con- 
trary, emphasis on the process-- 
es and methods of scientists 

110 should begin in the elementary 
school and continue throughout 
tlie student's academic cai^eer. 

The main problem with which 
this book deals is how to make 
115 the teaching of science more 
scientific * 



The tenth argument (lines 94- 
99) reports a Claim for which 
'■recent curriculum studies'- are 
the source of Data^ Warrants and 
Backing. Tim eleventh argument 
(lines 99'-^104) provides a Claim 
which contrasts with that of the 
first argumentp again using a 
Warrant that meanings may be 
derived from Latin roots* The 
Dmnaraation of saienaB and Ppo- 
grssfj of Baienoe dimensions may 
be helpful in e%amining this 
argUFEient * 

The twelfth . gument takes all 
the preceding arguments as Data 
and moves to the Claim expressed 
in lines 104-112^ with an Impii-^ 
clt Warrant that the better al-^ 
ternatlve is the one without 
disadvantages . Again , the 
Backing seems to be the author's 
own opinions about how science 
may bft defined and how it should 
be taught. 



Detailed ar il^ ^is 

Twelve different arguments are identLfied in the initial analysis. 
Each of eleven arguments contributes to the passage's overall Claim^ 
which is taken to be part of a twelfth argumenu. All of the argiiments 
appear to be Warrant-Fusing arguments , contributing Claims which sewe as 
Data for the final Claim that science teaching should alfsys stress the 
processes and methods of scientists, from the elementary xevel on. The 
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UATAl Know'ndnn (facCs) OR 
cteaLtng knox^lcidge (procasHCS 
and inuthodn ■: f scicncG) 

}.'L»cUurc OR lauui.-af:ory and 

Taacher an outhurlty 
fipure OR not niich 
f iguru 

Recall facts OR identify 
and solve problems 

History of scienca OR 
actual practice of: science 

Most students hnve to memo- 
vlza facts for recall 

Facts burden students 

Youiig children can do science 

All the £act--orlentad 
alternatives have imdeoirable 
consequences for pupilu 



E-S 
E-7 

E-6 

E-8 

E-IO 

E-1 

through 

E-ii 



=K_So, CLAIM: From thw eln-- 
mentary level thraugh 
all leva Is of educn- 
tionj science teaching 
should emphasize the 
processes and iiiathods 
of scientists. 



Sinca, UARUAWT (hypothesiEed) i When one 
ot two clear alternatives \\m many 
disadvantages, select fihe other. 

! 

On account of, BACKir^; (hypothesized): The 

w^Jioi exparlenre Indicates it 
is appropriate to conceptualize 
scJnnce and teaching in 
dj. ao^:. 'JUS terms . 



Artjiment 



Fig. 6.-*^The argumeu.'^-^) ? t?.f»rn i-i: the overall argument of 
Selection with WsLfant and Backing Aypothesized. 



In the first> fifths, and eleventh argumantSs the author of 
SelQCtion E refers In several va/^ to a difference between knowledge 
itself and tlio procf^sses by which knowledge is -reated. In the first 
and eleventh arguments (lines 6 to 14 and 99 to 104), tire question of 
Lai' x roots of "science" and "sc^^entlfic" is raised. Since the author 
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np,^oa.-H CO be cxaiuLnln,; ulu^tlu'r l;now:!,L.d;.a or tl.u pr.nM; !-y v,1unb it: 
is acbiovod in itidicntivc of the xmlqun- natura of Bciciu;< , tba 
DatnarauHOH of iujCana.-: A liiumHlon appears relevant. That ra.Sci.-(«ncfi 

to LnLln rpoi;» in not found in the tbruG poBiClona on tbis dXmetu inn 
or tlK! annlyLical EK-liema is not ns sisnlfiCBnt ns the fact: that tbe 
auLhor Huans to foircQ a cbolc^i betv/cun looking at sciantiiic Btatwnsmts 
and iookin- at HcLenci^itH' actio,. . Deupita thr obvioua and iinport^ .L 
difEcruncoH butwaun tUa posirL-ins o-presaed by ■ ^-nap, Popper, and 
Kuba, each position azprRyses a way to rcaatc what 9cicnti:.ts do 
to the aceuptaiicc or rejoctirn of Bcienclfic Btntements. In this sense 
the author's approach to the demarcation of ECiGnce appeara to be 
inadeqiiatu , 

Tlio fifth argument (lines 30 to 63) adds nothing new to analysis 
of the dciuarcatlon of sciGaca, but it doeg raise the question of how 
scientists seek, and can be trained to seek, knowlcdse. When one 
considers the possible relevance of the dit^onsion How empiHaal aontent 
ina^-cnncn, the proresses cited by the author aa a focus for tralninc: 
(liney 5y to 63) are found to be unrelated to the issues Und h/ 
Carnq., I'opper, and Kuhn. The processes mentioned by the ar a£-e 

broad and f,oneral, and sugBBStlve of a "method" of research, .chile 
this dimension of the analytical wcheme raisea Bpeciflc questions about 
how ndditianal knowledge is Incorporated into science. 

•ilie author's phrase, "the creating of knowledge" (llneB 103 to 
104), suasosts the possibility of reference to the ProgrBSS of BoionOB 
dimcnt;Lon. Here again it is evident that the three available positions 
relate scicntlscs' methods to scientific statements, whlla the author 
appears to bo scekiaf: a sharp distinction between processes and raaui.ts 
in his analysis of scicncQ. 

Thus, with each of three relevant dimensions concerning the 
nature of milence, similar results are obtained! it seems that the 
author is presenting an unusual position without developing in detail 
whatever support may be available for his position. 

0£ the dimensions of the concept of teaching, the Natwe of 
knowledge ctlmenHlon is the first to which the content of Selection E may 
bo compared. This dimension is relevant to the argument in liner. 6 to 1/. 
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(E-1), where t-bu nuthoc mi^f^oBts that: callcyfl teachorn accept a puaition 
close, to the Infomation ompliasiM poBif-ion. The same dtmension is 
vclevaat to the ara-imant in 3 ineia ;0 to 10^ (E-ll), whu.-e it is not: 
possible to flUi:Ln;-ui«h clearly b^.veau tlie poaxCionK of the iPsiRht 
cmphnr; iB and the compoKitc^ perspactiviD . In arBumiint E-ll, associaUad 
rcmnrkH about the capablliticB of young children (linus 94 to 99) and 
about thu time for bcginnins to do scientific I'^ork (lines 104 to 107) do 
se-n to at-nsK wi^at Indjvlduala dc ou theic own. Wma it seems raore 
liku'y nhau the inaioht etupbaais p.j^itlon on the Nalmm of ImoiJledQe 
dimension would be suggested. 

The diacussion in lines 15 to 29 Ik clearly indicative of the 
IriFormaLion emphasis, on the dimensions of NatuPB of tmchmg. Authority, 
and Um Jf ea:pertise. The samp position on the Nature of learning dimen- 
sion iu: suggested in lines 36 to 45. The author is critical of these 
positions, and the overall argument seems to be intended to achieve a 
rejection of the information emphasis by a reader. 

It is not as easy to determine whether the Insight emphasis or 
the coniposite perspective is to be regarded as the desirable alternative. 
The Authority dimension of the scheme is rel'want to the statement in 
lines 46 to 50, where the wording auggests the complete unavailability of 
authorit- in the sense nssociatod with the information emphasis. The 
statement In lines 55 to 63 is difficult to interpret on the Nature of 
learning dimension, for the author does not provide sufficient cricerin 
to permit distinsu Lshing what one iJ able to do personally from what 
one may b« able to do with the support of a discipline. 

The argument continues to be less than definitive In lines 64 to 
93, whera the Natum of laarniny, NaUwe of teaoMng, and Use of oxper- 
tisa dimensions arc relevant. Xn particular, the author fails to 
consider what a teacher must do to enable a pupil to "do science" (line 
82). Rejection of teaching the history of a discipline suggests that 
the passage is more likely to be ,uociated :. ' Che Insight emphasis 
than with the composite, perspective. To the investigator, these points 
and the presentation of pairs of mutually eKcluslve alternatives In 
argum^mts about how science should and should not be taught Cllnes 15 to 
29 and 36 to 93) Indicate that the passage as a whole is likely to 
suggest positions on the Insight emphasis. 
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Con-MLint:ny on I'ho. nniily-iJ.!; 

nccauao the ovnmll aviiurocnt in Salof'ti.on E is anterpratod as a 

l/nci-iiat-usius nrgumeiit:, onaiiiusl: consitlc-r Che Data , ncicking, and Warrant; 
ol; the arjiiimDiit; in nHweauing tbC' provlfilon made for acceptance oti 
rational iiuthority. The analysis identifit'a sDVcriil pointG at wlilcli 
pacta of the elcwun arBuinuntw proviuins Datn arc oniittacl, and so one 
touUl argue immediate ly that there nra Bliortcoinings in this argument . 
Kimilarly, bacauae thu tJarrant of the arguuietit had to be liypothe'iized 
and because thcs BnckinL; does not appear to 50 beyond the author's, own 
axpaTionccs, thiy arguiaant appears to rely hciavily upon the personal 
f'utliority of t'lm autlioi* . 

Anpiication of the nnalytlcal schfene to SelGct:ion E, which 
involves both naturc-of-Mcicnce and concep t-of-teaching dimeiisiona, 
provldaa an nssesaman!; of the acceptability of tha Data of the argumciu 
Altliough liinltationa of the argument's provision for ar.ceptance oil 
iratLtnial authority have bean Ldcntifiad above, there Is value in review- 
ing the results of the detailed nnnlysia. Refereace to thrie sclenee 
dinieiiHiona iudicatea that the author is atteinptiiig to view scienoe only 
in terns of the methods of sciontists, without reference to the nature 
of scientific knowledge. Various dinsnsioiig of the concept of teaching 
Indicate rujectlon of the Information emphasis^ with apparent acceptanca 
of tlie inHicht emphnH La m the only deslrahla alternative. 

The dimonsionn .if the concept of teochlng are more clearly and 
extensively applicable to the Dfi "ra of the argumeiit. Of parftlcular 
stgalficance Is the close corr cspnndence bstwe(?n tha author's expressed 
views of science and the iiisight emphasis on tlie Nature of Jmouledga 
dimenaioii— "personally achieved Insight or jtidgrneriC Given the clear 
rejection of an emphasis on "factual infortiiation" and the claar expression 
of an "clther-or" potsture characteristic of the tenston between Infomatlon 
and insight emphases, It seems possible that a reader could view the 
analysis of science as dependent upon the {laalysis of teaching. Thus the 
assessment of the Data by reference to dimensions of the analytical acheme 
suEseats that even If other, more obvious, shoxtcoinlnss %jere resolved. It 
%vould still not bo possible to accept the nrsuinenC on rational authotlCy. 
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^iclacCeU frum a chapter iLt.Icd "Mos^ Duyn aud Olrl^; Lr-Hrn Saicinco., lii 
TonahiMy^Scj-^ycv^ J^^^^ ^''Mr^ar and Colic ^tc- 

limr^ are Uw.. araumoiUs in SLilactLoii and boih c!Upc:ar la Ir^- Vlarrant- 

headucl '^Tcacluuc PrlnciplDB and Gq narn3. li^^a t:I oriu , t^m ^ici-ntlCIc 

inathod of rea^oalng and 1dm naturt^ of s^ilentiflc thaariof; ara relator 

2 

to the teachLLrig oi: ;^uic?ac£-* 



TEKT 

tJvTand deductive reasoning os 
such do iiDt rciquira the tasting 
of conc;U sions . Armclialr phi-^ 
5 loyopherB, including some \mll- 
known BclGntlsts, ha*/e mada 
valuable contribu :ion3 and nlm 
in totes ting misCakcio by dnpead- 
ing upon these types of reason- 
10 Ino alone. 

aha scientific tncthad of 
rciab ining involves elanianiiB of 
bath the iiiduotlve and ded. ac- 
tive processes and damaad^ In 

15 additioti CEirGfal checking of 
conclusions* The method ±3 
not limited to science or to 
scientists^ nor does it hmvm a 
stereotyped pattern* All 

20 carcCai thinkers use it* 

(An exanipie in x^?hich science 
sttidents studied the photo- 
tropic beha^rior of one type 
of fly is omitted 0 

Unconsciously, this class 
was making use of the scien-^ 
tific method. The pupils hud a 



The firyt Lwo paragriiphs (line^ 
1-20) develop the Data cf the first 
argument, Thm scientific mtithud 
is iescribed tin a method of r^^ason- 
ing^ la \;hiali testing of nonclu- 
aions l!^ added to Inductrive and 
dednrtM;r reasoning, The coinmentFi 
about this irLethod , in lines U-2Q^ 
aeem^vnore likely to form part of 
the Baching* The dimension IJow 
mipiriacJ. cnntnnv i^aPiQaBaa may ba 
relevant to the Data, 



Tha discnsslOTi in lines 21^33 
provides an emimple vhich seems to 
serve two fanctiona- It adds 



h.k. Thurber and A,T, Collette, Te aching Scienca la r oday^s 
Secondary Schools C3rd ed.i E)stonr Allyn and Bacon, 1958), , 38-70, 



^Ibld., pp. 58-59. 
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15 J;o1.ni. Ian;;. tU/y i^^u.l.irwtl pur- 

cciiK' by c: p^a: H, and n^- 

r;iv*Hl : L a toiiLntivu cuncluBion 
Lhnt v/;.n ti'-tvci by fuvtbur ob-- 
no i\orypv iom^ , Conilnnc^l t:c?t>ling 
caused 1 lieisi to podiCy the- final 
ytiAiiMnuul; La on:* Lliat: rcamacl 
Mat:lt;E rc lory to c^^^ryOLiB, 

The jfrlcntlCic iraUhod of 
35 re^^J-ualni; a prfnuHlura In 
tcnchlng. tiAG mucli tu comnr-md 
1^:. Although It de;\nMdL3 
adc(iua::a zLim for a^tisf ant.)ry 
dc'veaopnic^nl: , the ra^ultLng 

know tbo f^^KacL inenalng uf tlxe 
general b ta temtmt^ tUoy kn jw 
its appllcatx<)ii:4, anri tliuy 
know it^ llni UntionLU 

43 illtUouBli rXio scientific 

innri:od of rr-nf-aning is liuuie 
\2cri\ tlum appliacl coimnou HunHe^ 
it is not snmadun^ that can be 
raur^ht hy a Ircturc; or n b^Ij^zI^ 

50 lliub truMon at tl^f bc^^Iiinin^ 
of tha v^ar. Ta^^ ^^crt^ntif Lc 
mGUbud duniand.^ ox^uru^ive prac- 
tice in a wida vn^laty of sltn^ 
Ations. It T\L:^cd not be formal-^ 

55 is^cd by listing It in Bequential 
otcps; Indeed suali formalization 
may ia tor fere i-jiiih hha thin.^ing 
of pupils* Pupils aro genBrally 
ini:elli,3^nt eLiougli to wark out 

60 f^atlFitactory pracedures for 

each x>articular situation with- 
out raferenciti to a foirtiial list. 

The teacl\ln[| o E^Jtbgortes . 
Theoriis arei gRneirali^.atiuns 

65 that haw. been fatmulatcd to 
explain a sat of cDnditions, 
Soma tbeorlas are widely ac- 
cepted and some are in dispute. 
All theorloB arc Husceptible to 

70 riodif icoClciri and Civen to aban^ 
donrnGnt. The thinking parson 
may acci'pt a theory but: he al-- 
wayii docs so with reservations. 
Many of the great contributions 



cb-t:i.il to tbc\ prt'vlouH dascrlption 
oj; tMf rc:mti.i:ic inotliod. It: also 
i dLMi ri Ui ci-i what in iikely to ba 
mfrni bv Lht^ nuggar tion In liuOB 
aj^-JG libat l:h:if5 method may be 
re^:,ii:dnd a^^ a toacbln- prncedurn. 



^he fiantGnce in lines 34^-37 is 
lnt::rpreted bb atnuing the Warrant 
bGlu;^ establishad in the ar^^umBnt* 
It is imriiediataly followed by the 
Coriclu>xons In lines 37--44^ that 
tills teaching procuduro produces 
Bouad "learnings," The natum of 
laarnMg dimension tiiay be xulovant 
to the reirarky in lines ^0-44. 



i:he final paragraph (llney 45-62) 
of the first argumant seams to 
provide several i tains %chlcli are 
relevant at the levul of Backiug, 
ralher than Data, Three points 
refar to the scicritif ic tnethad, and 
a fourth loafers to pupils' ability 
to apDly tlia scientific mathod. In 
this in tarpretation, all coiriiuents 
nbout the sciantifiG method are 
Tegarded as Backing for the Warrant; 
only the description ot xdiat the 
authors take that method to be is 
tegarded as providing Data, 



The second argument beglna mth 
presencatlon o^' Data. In lines 64- 
78 j several characteris'cics of 
theories are set out. The Rmlation- 
sriip of saimiaB to truth dimension 
may be relevant. 
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7) I .-) :'^:U:ririj liavo \>vnv vv'.^ by 
bihu i y 1.1 t tlK'or [.(.■!) pr. /all 1u<; 

[ >irL ni: t:lio scUmicCi pro- 
80 i-.j:ani niccls more ini:('fi.*L traat- 

thuoulny. It -is all too Gony 
to iiifluQncn )^uua.7 niindn ?.nLo 

nauDntly oc ;niik ir-g It djfCtauIt 
for t\w minds tn h cfm^vcjed, 

of thci theoclua darilt with in 
9n t he ricLenco pro'^uanu Th^y 

shQulU ha H\\o\m v:\\y tn^ lUgoi:/ 
v^fiLi propo^^tid, l:nG7 bIiouIcI be 
glvnii tl:a dtiin that was used In 
Its f or'niilc-t Lon , and thu/ 
95 /aiould know tlui csdCcnca tliat 
nan accumulatc^d la Xt^ supnor!: 

tliGory Ima uncleTgoiie. The 
Ij.iiiitatioiis of. tha thaory 
100 should inada clQat* 

Pupils traitied to evaluatr 
thcorlDS carefully hav^^ open 
minds. They can accept clnnga. 
Tiu^y realizG that littla ±^ 
103 known in the f^.Qld q£ scleace* 
They tmderstand the challenge 
of science. 'Ibey may ho 
tomorvQ^T'B Kepplars [sic] and 
DarwiriB and Elnsteiris* 

JIO Unfartunataly, teachar^^ must 
du a good deal oj: slftliis to 
Isolate theoiries ftom facts. 
Far too imny authors and teach- 
ers ignore tht*. distinction* 

3.15 Books comniOTily use the expres- 
sion, "The Xolecular fheory,''' 
without point Lng out in the^ 
slightest how the accotiipanying 
inCormatlori differs from £act^ 

IM nnl material preseated 

other portions of the took. 



The B tatanuiTits which foliov/ the 
Da La f^aeiii to uxnro^B considara tlunu 
at the^ Icwel of BaeUlng (llneo 79- 
87). Thtiy indicat:u why it ic 
important to duvelop a pufrLtion on 
thee toachirig of theDrlc^B* 



The siiateme-tits in ItneB S8-100 
av^ lntQrpreta.d as providing the 
Warrant being established. The 
nv^aning of first sentonce 

(lines 88-90) ia oKpanded by the 
secuad and third Bentences (lineH 
90^100)* The Corwniniaation dimen' 
sion nay be relevant to this 
Warrant for tha teaching of 
theor Iqb . 



LinGfi 101-107 provida the Con-- 
elusion vhich is ititended to support 
the tJarrant already presented 
(lineis 88-100)* Four desirable 
characterlBttcs are associated with 
pupils tr^^ined to evf?luatG theories* 
Th*? last sentence (llTias 107-'I09) 
seems to be intended to enhance the 
value of the preceding characteristics* 

The last paragraph included in 
this selection Clines 110-121) 
identifies a practical problam 
associated with the aprlication of 
the Warratit. The point is related 
to the Backing already indicated 
(lines 82-87)* 
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Tliu aulhorii or l^oloctxnn C Irivc^ pruvltkul ih^i four f)aalc 
clom-ntn for cuich of Lha ti^/u ncgtiiucatii^ . Xu both IruiUiucos, conminntis 
abuLa lha l)at:a scuuu bust IntcirprDtccl a., part: oJ: tlu. liacklnB for Uhi. 
l-ivrniU bcln- ontabllBhecU ^Hic t™ UarranU epeak to how sclcuicu 
HliDuUl Lau-hL, and t:ha coimacmtB intorprG CckI liackiiig indicate 
Lliu slgniflcancQ of charactc^r ticB oi: ^icic^nce for a science ceachDr. 
TUu^e fcKLturas ar^ cliGplayyd In Lhc^ argumeni-pattera^ in Figuras 7 and S, 



PATA- The nclantlflc mntaod 
oj: rtinBanxn^; includes :Lnduc- 
tiva and dcduct:ive procE^sseB 
and carer ill tfiBting of con^ 



^So, CONCLUSION^ As a 
Leaching procediiro, tha 
scientific met'icd requires 
titna but produceB ^iomid 



WARRANT: The scinntific 
method in a command ab la teaching 
procadurc . j 

On £iecouut ofj DACKXNCU All 
car«ful thlnkars ubo the uaion- 
tific Tnethod^ which is little 
moTQ tluiti conimori rmnsej but 
which requires extensive practice* 

fl^^ 7^^^XhG argumeriC--pattern of the firBt 
argumeiit in Selection C< 



Argiun^nt 0-2 
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and Limitations* 
I 

On account of ^ BACKING^ Theories 
are aasily accepted as factSj with 
undesirable results Cor students. 
How theories are taught requires 

caroEia treatmant. Armment G-2 

Fig* S.^^The: argument-pattern of the second 
argument in Selection G* 

The discussion of the "scientific method" introduces the Data of 
argument The authors* description of the scientific method (lines 

11 to 33) Is a general one— problem, hypo theses , experiniental data, 
tentative conclusion, and modification by continued testing* It seems 
appropriate to come to an understanding of this method with reference 
to science before interpreting it as a method of teaching. When one 
reviews the titles of the diinenslons relevant to the nature of science ^ 
the dimension Haw empivioal aontent inareases seems likely to be 
relevant* PoBltlons on this dimension speak specifically and in detail 
to the acceptance of conclusions into the body of scientific knowledge. 
Positions on the PragresB of saienae dimension relate to the issue of 
continued testings while questions of whether and in what sense a 
conclusion is tentative are addressed by the dimension Relation&hip of 
soienaB to truth. 

Two results may be drawn from this comparison bett^ean the text 
and the analytical schema. The authors touch on a number of Issues in 
'their references to the scientific method ^ and they do not e^Mtne these 
issues in detail sufficient to permit their positions to be compared to 
those on the several relevant dimensions • The impression that significant 
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iutuieH nee npt hoi.n^^ duvaiopetl by the^ auLharn in boriiu out by tlioir 
fHiht;Ci|UCint c>:prcusrM,on of tliu view LliaL "tha s^clciit Lf ic moUiocl of 
rcauoning in llctila more than commcm BOah:;^-' (lliitts 45 to 47)* Rcfrerenca 
to tlio anaXyticial sclianio pormlta one to conclude that t\moral ±bbuqb 
at^^ociutt^d witli the Dwita of: the nrgumtnit hnva noli been Iclentiflcd 
Qxpl Lcltly or addrtisseci cDiiiprcihauaivsly * 

The Bcveral characttirlstics of theoriQB \g^liich serve as Data In 
arf>uamut 0-2 uugga£:^t that cQmparison to pasltioiiB an Che I^Gtatio?iahip 
of BaicnQ& to ti'utn climension would bo upprDprieite , Even though the 
authors do not Tiientlon the concept of truth GKpllcitlys the references 
to mod.lf icatioiij abandonment^ and accuptance with reHery^ations indictite 
that thi^; dimansion is relevant to the content of the argument* * The 
/uiiihorrj' poyiitlon sdhows more similarity to Kuhn's than to the positlonB 
of Caniap and Popper, However, tlie position Is not developed to an 
extent which would periTilt close comparison* The authors do express 
particular into rest jji the dlffereacCB between theories and factfj 
(lines 84 and 110 to 114) ^ but they appear to regard the dlfferenceB 
nore as self ^-explaLia tory than as deserving of study. Reference to the 
analytical schaina confirms that ths authors have not developed these 
differences as they could have* 

The Conclusion of the first argument and the Warrant of the second 
argument are eKpresBed in terms which hint at issues asBociated with 
two dimensions of the concept of tGaching* The evidence Is limited and 
inccmclusives but the possible application desorves brief considera tioni 
In lines 40 to 44, the authors expand their reference In line 40 to 
''sound" learnings. Pupils are said to "know^' eKact meanings ^ applica- 
tions, and limitations of what they learn. These characteristics could 
be associated with the composite perspective on the IJaturB of teaming 
dimension. Hov;ever, the position has been asserted^ not supported empiri'- 
cally. In the second argument^, in lines 90 to 100^ the verbs used, to 
expand the meaning of being "conscious of the theories" (lines 88 and 89) 
convey a me^ssage about how a teacher relates to students. The passive 
mode of expression (lines 91^ 92 and 93, and lOO) seems closest to the 
InPormation empbajiis on the Cornntimiaation diineiision* In both instances, 
the cvidQnce Is limited and the identification of a position is oniy 
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tt-utntlvo. Ik-fcrruac.^ Co tliciKa Lwu d I.monfjJ.oiiri doc-.H HUi'.gtiHL thai: ,i..'=nuo-; 
,atro rJiJiicd whlcli lutM-it: futn-.har u:-:am.Lnnl::lou tor full uiidai;Htaiidlrin af t;)»e 

Finally, In coucludma the detailed analyais. IL is interofil: i.ng to 
note timL Lho onma order of p i:GBent:at:lon oj: urgument-elementB occurw 
in botVi argumenCB. The olenienty of Data and BackinB precede the Uorratit 
bains ustnbliahed, and the Warrant Is followed by the known Conclusion. 
One mislit spoculate ohnut wliether such a sequence Invites the careful 
Kcrntlny a reader might be cKpected to give the argunients If ho ±a to 
accept them on rational autliorlty, 

Oonuiieutary on the analysis 

Three dimensions of the nature oC science contribute to analysis 
o£ the Data of the two Warrant-establishing arguraenta in Selection G. 
Two dirnenaions of the concept, of teaching appear relevant to the manner 
in which other elomonts of the arguments are stated. 

Tlie issues raised by the discussions of the scientific method and 
the natLire of theorlos can be interpreted adequately by reference to the 
analytical scheme. Application of the scheme dGmonstratcs that the scheme 
does have the capability to permit one to recognize that Issues associ- 
ated with the nature of science are not being addressed clearly or 

comprehensively , 

The authors do appear to provide the elements required for 
complete arguments. However, significant issues associated with the 
Data presenced In each argument are not developed for the reader. 
Support for the Conclusions about how children learn Is not provided in 
these Uarrant-^establishlng aTguments. Thus the authors cannot be said 
to niako provision for acceptance o£ the arguments on rational authority. 

Interpretation of the Results of App lication 
of the Analytical Scheme 

In this final section of the chapter, the various kinds of informa 

tioa obtained in the preceding analysis are sutnmarlEed and interpreted. 

The five questions posed in the Introduction to the chapter serve as a 

guide. Attention Is given to both the content and the structure of 
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ai-gumont;j!. Later ;I,n thv. auction, cormno.nlia arc inclucle.d about tlio sub- 
siclifiiry afmlyHis oP adclltianal textbook passagcis, prosuntod in AppendlK A. 

Suv-arnl broad giiimi-alizationa pfovide points of rQlerence for 
axnininiiici the results flrBt in torins of dimenalona of the scheme and 
then acroKS all four uclcetlons to which the scheme has been applied. 
Application of dlnitmsions of thu nature of science has often produced 
a conclusion that an Issue is not presented in decall suffioieiit to 
permit a oatisfaotory comparison between a position in aii argument and 
the positiona on a relevant dimungion. At times the detail is suffi- 
cient to pcrinit recognition of similarities, but positiona within the 
dimeasions arc never clearly IdenCiflable In the analyzed passages. 
In conti-atit, application of dii,>ensions of the concepC of teaching has 
frequently rasulted In rocognitian within arguments of positions 
expressed within relevant dimensions. Ilowever, positions associated 
with the composite perspective are never fully expressed in the 
analyzed passages. In the two selections which diBCuss extensively how 
science is taught (D and E) , developiiient of arguments Involves the 
contrast between the inforniation and insight emphases of various dimensions. 

Resiil ts of analy aia, by 
i nd-LV ijhia l dimensi ons 

1. Ja mah of tha dimmoiona of the eahme relevant to some 
portion of at least one of the Beteated paBsagm? If not^ is this a 
I'cfltiation on the matytioczl adheme? 

l/ithin the sampia of Selections B, D, B, and G, each dimension 
of the analytical scheme is relevant at least once, and most dimensions 
are applicable to more than one argument. Table 4 summarizes the 
results relevant to this question by indicating the particular argu- 
ments to which each dimension has been found to be applicable. 

2. Atb the i-ange and detail of mah dmenaion adequate for uoe 
in malysic of orgummts? Ara modifioctiona to dtmemione required ox> 
suggastad? 

The most appropriate means for dealing with this question is to 
summar^Kc the results on a dlmension-by-dlinanslon basis. 

The mmaraation of eaienae dimension is relevant to arguments B-1, 
E-1, E-5, and E-ll. In both Selection B and Selection E, the authors appear 
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TABLE 4 



ARGUMENTS RELEVANT TO EACH DIMENSION 
OF THE ANALYTICAL SCHEME 
(Selections L* E^ and G) 



D&maraatian of Baienae B-=i E-^l, E-S, 

and E-11 

How empiriaal content inarms0s E-5 G-1 

Obj&ativity of Bai&nae B=4 

Heiationship of saienae to truth G^lj 

PragreBs of Boienae 3-^3 E«ll G-1 



NatiAre of kncijj^&dge D-l E-1 

Natwe of lecmiing D"l E-S, E-9 G-1 

NatiirB of teaahing D-1 E-2t E-^? 

Commniaation D"l ^^"2 

Authority 

Use of Bsopertiae E-4s 

and E-9 
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m be dovatopLny a ^>a'ni:Anu nbout chnrnc l;e r J h Ulcs unique Lo ncioiuu:. The 
authors' positioria nrc. noL wwll do.vc;lop«cl, ulic.ii Komparud to poHitLonit 
on this climanyLoii of Lha ;,nalyLiaal £ichu(,ie . Tliu« tl.eru isi no r.-a«on l;o 
coruriclur altfi/Liig t.liirt diiiiDiUiloii of the ficlioracs. 

ArgumantB E-5 and G-1 afford oppor tunitinf; to apply tiho dimtHiuton 
ampivical aanlant inaraunBO, wliich is regnrdcKl by the iiwcstiaator 
as the moGU aiiprapriate diinentiion for analyHis of dincusslons of n 
"aclGmtlfic mathod." In thesa two nrBumonts, no direct comparisonfi are 
poBKibla. Bucnuae the concept; of a "scientific metihod" tends not to 
be rcEairded as plitloEiophlcaLly productive, this result Is not regarded 
at! an indication that the range of posltionH might be inadequate . 

The Ohjeabvoiby of Baimim dimenaion is applied only once. In 
ar'^uuient E-4, a position Biniilar to one of the positions on this dimen- 
Kloii is dGvelopad. The mlaUonahip of saimae to truth dimension is 
nppUcablG to the content of arguments B~4, G=l. and G-2. in the flrat, 
some similarity to Popper' u position on this ditiiension is found; in the 
lawt, a slight similarity to Kuhn'a position Is identifiable. In these , 
iustances of aimilnrity to one position on a dlfflanoion, there is no 
reason to regnrd the ranse of available positions as Inadequate. 

Arguments E-ll, and G-l provide opportunities to apply the 

scheme's final dimension of the nature of science, PragreBS of saUnoe. 
The content of thosQ arguments does not appear to challenge the range 
of available positions. Arsument E-^11 deserves special notei there a 
poHltion is suggested (though not developed) %^hich separates the processes 
of science from their results. Construction of the analytical scheme 
has given no indication that such a position mlghc be appropriate. Thus 
the content of argument E-ll also does not appear to challenge the range 
of available poaltions on this dimension of the aiuiiytlcal scheme. 

With each of the six ditnenslons of the concept of teaching, It 
is possible to identify one or more of a dtniension's three positions in 
the arguments to which a dimension is applicable. The NatlWB of knowledge 
dimension is applicable to arguments D-l and E-l| in the former, the 
cetnposltc perspeetlva is suggested, and in the latter, the information 
emphaEis. The Natura of laarning dimension is applicable to argiOTents 
D-1, E-8, E-9, and G-l, while the Nature of teaohinj dimension is 
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applicable, to ai-v.uinciUH ])-! , and V.-l . hll tlii-e- po«lt:lona o£ 

botli dimanafumB am Iclant;!!" iablG vjltliln Uuiuc acvoral npplications . 
The range; iiiid duinil of Lliti clLineiislonr, seem adequate and no iiiodificn- 
tionr; are su£;yc'B IQcl , 

Afj'UiiienCa D-l and G-2 perniit appllcaclon oC the Comminioation 
dimonnion, and two ItH poattioiis arc identlf iablc . The appl:lcntion 
to arp,uinGiU; ,0-1 identif los a di£flculuy in dls tinguiaUing between the 
relevance og this and the Uu& of mvrgertUa dimension, particularly with 
rcspecc to tlie information emphasis. 

The Auf^Wi'ity dimension finds fippllcatioa only in argument E-3, 
whEirc tliQ positiot, associated witli the inforniatlon Qmphasis Is 
rccogni^iQd , 

The Uon of axparHBa dliTienalon is reievaiit to arguments D-l, E-4, 
E~8, and E-9. Ml three positions on this dlinension are identifiable 
within theae argutnents. As liOtGcl in the discussion of the Commnication 
dimension, the application to axgunent D-1 indicates a need to dlstln= 
guiah more cieairly batween Uliese two diwenatonoj and to ensure that 
there is a slgiiifiaant difCornnce which justifies two separate dimen- 



sions. 



one source ot confusion is reaclily Idcantif iahlo i the word 
"expertise" appeara In Che positions of the V3@ of experUse dlTnension and 
in tliD information ornphaais posltiion of the ComminiaaUon dimension (refer 
to Table 2, page 1^*9). There axe Indeed significant differences between 
the dlmensionB, as Biiowii in their derivation in Chapter IV and confirmed In 
the application of the scheine. The CormwiioaUon dlnienslon calls attention 
to an important aspect of teaching involving expertise in. the processing of 
Information, lliare are otliar types of expertise possessed by teachers, 
and Issues otker than commmication are Involved in their use. Two 
specific suggestions for mpro^rlng the clarity of these dimensions Gmerge 
from app lying the Bclieme. In the Tevlsed statement of the analytical 
scheme, in i^ppendiK B, the CornmnicaHm dimension Is stated after the 
Vse of mpertUe diiaenslon, to give visual support to the fact that the 
foxwer is to soma extent a aut-dimcinslon of the latter. Also, the phrase, 
"expertise In processing infoTOatlon" is changed to "ability to process 
Information." The new wordtng parallels the wording of the insight- 
emphasis position on the CotmvniaaHon dimension. It has tha same meatitng, 
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in essence, but it indicates inoSe dearly that the particular concern 
of this dimension Is the proces^lag of dnf otmtiou b3' teacher and 
pupils, not the general «se nf fixpercise by the teaclicr. Tlils is 
the only modif Icatioii suggeatud or required by the rcsiilta of appLlca- 
tion of the analytical sclnenie these erguinCiiUS abuut thu teaching of 
science. 

Results of flnalysla acroBe 
the Eour Belectlox is 

3. Doe-3 maiysig of an argmmi aoaarding to dimensions of the 
mahjUooL sahmm pemit me to d&kexnlTm whethep issues am addrmaed 
elearly, disUnatly, and aom^mMmiVBtn in ihe argmsnt? 

This question can be ariswered affirmatt^ely. with the support of 
instances In wMcli issues ore n-ot addressed clearly, distinctly, or 
conprehonslvely. There aia se^reral cases Iri wHIcIt Issues are not 
addressed distinctly. la arsmrtenc scleiittflc objectivity and the 

status of scienttlic coiic lusloris -wltli respect to truth are treated 
slmiltaneously, as a single laffue. In argutiienC D-l, the i^ords "teachliig" 
and "learning" are given los trtcted tnaa-nlrigs for a brief time, without 
addressing the more basic quesClori oi different ecipliases in the Inter- 
pretation of both words. In. Selection E, arxalysis indicates a possibility 
that the positlori about the tiaCure of science could appear to he derived 
from the position about the mmept oE teacning. 

There are also irxstances in i^hi-ch Issues ate not addressed 
coiiiprehenslvely. Perhaps the clearest cafle occurs in arsument D-1, in 
which the author deveLcps three ••approaches" to teaching which initially 
seemed to be similar to che thtfee perspactlves on the concept of teaching. 
In developing his argunent t:he author is less Chan coniprehenslve. He 
focuses attention on ccncrastttfig two apprcaches but neither Is compared 
to the third. 

There are several caseS Iti v?hlch on© concludes froin the 
analysis that issues are no c addressed clearly - Argument G-1 Illus- 
trates a failure to address issues eittier cleatly or eomprehenslvely. 
lt% a single sentence Clloss 25 to 30), the auttor touches upon Issues 
associated with three diniansio*is of the nature ofi science without 
cleorly identifying them as Issues or providing details of his position 
on those issues, 
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4. Doea analtjHB of m ofgumnt aoaoMig -bo d^nm0io7%ii the 
andi^ytiaat sahm2& faaitiOatQ idcnHfiaatian of authority upon whiah 
tim m^qwmnt pQstm? 

This question can be answered af firms tively in the light of 
criteria set down in the ilLustratl^ti of the forniat of ttxt analysis, 
earlier in tlie chapter, Iii each of the four selectloris* analysis 
focuses on a particular and significant eleinent of argtim&nt * In 
Selection B, analysis addresses the Backing of argument B-2 ^ and^ 
ultimately, of argutnant B-1 as yell. In Selectloti analysis pravldee 
an assessment of the Data of the arguniertt. Analysis oi Selection E 
provides many perspectives on the Da.ta of arguiaent E-l2, while in 
Selection anaLysis provides an tpsBsaraent of tlie Da^ta of arguments 
G-1 and In each instance, results of analysis of ati iwpo^tarit 

element of an arguinent contribute to a conclaslon about the authority 
upon vrhich t^ie arguinent rests, 

5, do aigrdfiamt issues aHai in t?ie s&teai0d pas sagas tohiah 
cannot he anaZym&d in te^ns of dimmsiom of the mialyUM BQhm&f Am 
additionat dirmnHonB mquirGd BHgff&stmd? 

The four selections do not present issues aloi^t science 
teaching which cannot be analyzed in terms of diitienaic>ns already 
Included in the analytical scheme* Accordlnglyi no dtmatistcns are added 
to the scheme at this point. This decision is not mmt to suggeat that 
the schenie la or has been shown to be coinpleCe. llo^^ev^fir^ tMs Initial 
assessnient of the applicability of the scheme does xioC damand or suggest 
additional- dlmeiislonSt 

KesultB of anal -ys la relevant 
to ar^ument'-gtrtic tura 

The five queetlons answered above serve to organise th^ tiiforma- 
tlon obtained aiotit the content of the f onr selaattcn^ wfclch h^ve been 
analyzed. It Is also appropriate to examine the iaioi?raatlc?n ottalned 
about the structure of argunients, through use of the ''argument-pattern^' 
concept. 

Selection H is characterized by completi argutfiirits which are 
elaborated rather eKtensively . Argument B-1 begins with Data and 
Backing; the Eacklng la developed duriag the chapter, as the Warrant Is 
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estaljLished which pcfniltH che Claim presented at the end. The relation- 
sihlp of arguments B-3 and 11-4 to B-2 probably accounts for the observed 
sequence of argument-elemanta. Argumenc B^2 begins with Backing and 
Data. I'hcii tha Claim Is pTcscntcd, before the Warrant which permits It 
had been established. Tlie Warrnnt is established by presenting the 
Data and Conclusions of arguments B-3 and B-4, 

Selection D is dominated by presentation of tlie Data of the argu- 
ment, for which no Backing is identiElable . Warrant and QualifieT 
precede the Data, and the three elements togetlier permtt one to recog= 
nlze ma Implicit Claitn. rbe Warrant teiiig used is repeated at the end 
of the argument j which closes with conditioria of Rebuttal. 

In Selection E, tnany arguments are presented, and some are both 
brief and incomplete. When one interprets the first eleven arsuments 
as Data of the argunienC for the final Claim, it is necessary to infer 
both Weirrant and Backing from the expressioii of the Data. 

Finally, the two argunients in Selection G are characterized by 
the saoto sequence of elemente. Data and Backing precede each Warrant 
being escablished. Only after the Warrant is stated is the supporting 

Conclusion presented. 

There are no iTistanccs of eKpUcit references to argument struc- 
ture in the four selections; the authors argue without commenting on 
the i^ays they argue. The variations among these four selections, in 
terrns of presence, sequence, and elaboration of elements, indicate 
significant diversity among the authors' styles for structuring an 
argmient . The scheme permits one to detect various failures to make 
provision for acceptance on rational authority. Provision would be 
made by presentiiig and elaborating all necessary elenents in a sequence 
which leads up to the Clalni (of a Warrant-uaing arguTOent) or the Warrant 
(of a Warrant-establlsblni arguniBnt) . 

As a final note, one use of the scheme bad not been antictpated, 
one in which there is direct interaction between the structure of an 
argnment and dimensioas of the scheme itself. Selection G provides tvo 
irstances in which tlie authors' manner of expanding the meaning of an 
element of the argument seems to imply a pDsltlon on a dimension of the 
ccncept of teachlns. Only limited application of a dimension Is possible 
in thes© Instances p 
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Coniments on the aubeldlary 
analysli In Appendix A 

By Initial Inspectloii, th^ four selections in Appeiidlsc A ^ere set 
aaslde for subeldlary analysis because they did not piovlde as strong and 
comprehensive a test for the schene as the selections analysed and dla^ 
aussed above. Reference to Table 5 ahowe that there art not ai many 
opportunltlea to apply the achenie In Selections C, P, and H. 

Application of the analytical schema reveals that se-veral of the 
argnments make quite limited stlpiilitlonss vlthout reference to other 
significant aspects ot sciencfe or teaehlng* Inadequaclte In tUe Data 
about science or teaching and ihortcomlngs at the Iwel of Backing can 
Only result in unacceptablt Claims or Warrants for the teaching c£ 
science » 

Nothing has been foand In the subsidiary analyslB vhich adds to 
or deviates from the flndliiga of the main analyols In this chaptar. The 
joint application of the Carmunimtion and Vae of 0^s^Hs€ dimensions 
does not arise in the subsidiary analysis | modlf Icsticns to those dimen- 
sions are based solely on the analyiis of Selection D* In short j 
analysis of Selections A, a^d H cprroborates the main findings 

reported above from analysis of Selections E, and G, 

Sumnary 

In this chapter, four passages have been selected from te^ctbooks 
on the teaching of science, and the content and structure of arguments in 
those passages have been analysed by applying the analytical BChfeaiB, in 
conjiinctlon with Toul^in's argunent-pattern* Eesults of this main 
analysis* and of the subsidiary analysle of an additional four passages 
presented In AppendlK A, ha^s been ravlawed and interpreted* 

The overall purpoBe has been to apply the analytical scheme and 
Interpret the resulting Information for purposes of Mhanclng the 
applicability of the scheme. One significant modification of the scheme 
has been made as a result* The modified analytical schtae Is presented 
in Appendix B. 
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TABLE 5 



ARGUMENTS RELEVANT TO EACH DLMENSION 
OF THE ANALYTrCAL SCliraK 
(Sb lections and H) 



Dema^aaiion of BQiGriQe A-Z 
How empirioal content inapeaseB 
ObjeGtivity of saienQ& 

RBlaHoHBhip of s&i0KC& to truth C-l T-^l 

Progx*0S8 of Bci&nGB A-^1 C^2 1-^1 



Nature of know7.ed0& 

Nature of l&aminff 

Nature of t&aahinff 

Comrmniaatiori 

Authority 

U3a of e^peTti-^0 
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CHMTER VI 



CONCIUSION OF THE STUDY 
Introduction 

In this study, tha iiivestigator has derivad and demonetTatad 
the applleablllty of an analytical scheme relevant to a elgnlficatit but 
privlously unetudled aspect of science teacher tducatlon progra©s~the 
provision made for the devtlopment of views of selenee and teaching* 
Ihis final chapter begins vith a review of the study's major cottponents 
formulation of the research problem^ analysis of relevant lltaraturei 
development of theoretical perspeetives on sclanca and teaching, and 
darivatlon and appllcatloa of an analytical ichcine. In the aecond 
section of the chapteT» specific eoncluilonB are drawn about the dlreet 
applicability of the analytical schame to plamitig and evaluation of 
several aspecte of aclence teacher education programs* The chapter 
closes with identification of areas for further research based upon 
the analytical iCheroe which ia mads available by the study, 

A RavAew of the Study 

The problem 

In the opening chapter of the study , It is argued that views of 
science and teaching held by teaehars have consequences for both pupils 
and teaehars* Views of science and teaching can Inflnenca a taacher-s 
selection and interpretation of objectives, his planning and presenta- 
tion of teaching behaviors to pupils, and the criteria he uses to 
interpret pupils* behaviors and his era Influence on them. Views of 
the nature of science and the concept of teaching can ba expected to 
influence the range of possible pupil outcomes of science infltructlon 
and the teacher's ability to notiltor his professional actions. 
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The invcBtigawr argues that science teaclier education programs 
are aa appropriata forum for the development of views of science and 
teaching by prospective and esperienced science teacliers. llowevar, 
little is known about the potential or actual influance of science 
teacher education programs on teachers' ways of thlaTjlng or subsequent 
teaching behaviors. It is the purpose of the study to take a significant 
first step in the analyslB of this complex question. The study addresses 
the problem of developing a vay to eKamlne the potenulal conceptual 
interactton between claims made about why and how science should be 
taught and views already held by those to -whom the clatTna are presented. 
Both the kinds of claims made Cconcluslons of arguineiits) and the ways 
they are made (structure of arguments) are of Interest and importance. 

ConteKt of the problem 

Recognition of the research problem is ItiElueTiced by new perspec- 
tives on teacher education. The problem is fc.muLated on the premise 
that how teachers teach is a matter not only of tachnlques but of ways of 
thinking. The manner in which the problem is sttidied Is influenced by 
new perspectives on r...earch in science education. Tha research style 
has the specific purpose of making theoretical perspectives relevant to 
matters of educational practice. 

These new perapecclves on teacher educatioa and research are 
eKamtned in Chapter II of the study. Rationales for science instruction 
and science teacher educacion in this century art reviewed in broad 
terms, to lend credibility to the interpretation that science Instruction 
ha. been Intended to achieve more than simple transtnlsslon of scientific 
knowledge to pupils. As argued earlier, however, teacher education has 
seemed to assume that further development of subject-matter eKpertise 
and study of instructional techniques are the necesiary and sufficient 
elementB of praparatlon for teaching. 

Three new per spec ttves are ^amlned as productive challenges to 
long-standing assumptions about the nature of teacher education. Their 
common theme Is that teachers and teacher candidates have ways of think- 
ing which Influence their teaching behaviors and ^hich require develop-^ 
„ent appropriate to the v^ious duties and responsibilities of a teacher.: 
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From ps3-cho logical considerations, Sarason, Davidson^ and Blatt have 
constructed and tested aimlytically the position that teachers require 
specific preparation relevant to observation and Interpretation of pupil 
bohavior and selection of subsequent teacher actions* From an analysis 
of teacher education eKperiences, Belanger and Cogan have argued that 
teacherB and teacher candidates hold and use views about how teachers 
behave In classrooms^ so that teacher education must be directed toward 
developing more effective "n.uctels of teaching." Scheffler has argued 
that t lB responsibtlltles of a teacher cannot be addressed fully and 
adequately %^tthout an inforined philosophical perspective on the aubject 
one teaches . 

ramlllar styles of science education research are reviewed In 
broad terms to provide evidence for the conclusion that none is well- 
suited to the research problem identified in terms of the new perspec-^ 
tives on teacher education. An alternative to styles based on observa- 
tion or achiovement is described and examples are discussed. The 
alternative is the development of theoretical perspectives relevant to 
Issues in science education^ with explicit derivation of an analytical 
scheme which permits one to study science education phenomena in terms o 
the salected theoretical perspectives. The alternative is almilar in 
some respects to eKisting types of observation studies ^ but quite differ 
ent in its emphasis on bringing new perspectives to bear on the analysis 
of educational events, 

Development of theoretical 
per spgc tives 

Views of scieace and teaching are taken ^ a priori, as elements 
of thought which have significant potential for Influencing outcomes of 
science instruction, both for pupils and £or teachers. The theurctlcal 
perspectives developed in the study are concerned with the nature of 
science and the concept of teaching* 
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Theoretical perapactives on science are the subject of Chapter 
III* The analytical device of a "categorlal framework," developed by 
Kttrner, is used as the baale for an eKamlnatlon of systematic accounts 
Qf science put forth by Carnapi Popper ^ and Kuhn. KOrney argues con- 
vincingly that individuals* eKplanatory standards and metaphysical 
beliefs are closely related to their ways of classifying objects of 
eKperience* KSrner's argument lends further support to the position 
that ways of thinking about science and teaching nay be eKpected to 
influence teachers' interpretations of their teaching* 

KBrner's device proves useful for its Intended purpose* Each 
of the three accouTits of science is sunmariEed f^lth a statement of the 
implied categorial framework , which renders more intelligible various 
"metaphysical" issues associated with the particular positioni The 
comparative analysis of the accounts of science suggests five signlf-- 
leant issues on which the accounts differ. The issues are adopted as 
five dimensions of the analytical scheme p on the Interpretation that 
the issues repreBetit ways of eKpressing significant features of views 
of science. The views of Carnapp Popper p and Kuhn are stated concisely 
on each dtmensionj as positions to which less formally stated views of 
science may be compared. 

As one might expect from the obvious differences between 
"science" as an area of disciplined intellectual inquiry and "teaching" 
as an activity which may enable others to participate in inquiry p the 
development of thsoretical perspectives on teacliing proceeds in a 
different manner in Chapter IV. Philosophical analysis of purposes 
and activities of teaching has been conducted froBi numerous vantage 
points. From issues raised in five different analyses selected as 
offering distinct and significant contributions * six more dimensions 
of the analytical scheme are derived. 

For the dimensions relevant to the concept of teaching, 
alternative positions are obtained not by contrasting the different 
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authors' vlaws but by daveloping a coiiimon faature of their arguments. 
Each analysis suggests that there are two typical divergencGs from a 
coniprehensive perspective on teaching, one overemphasiEing iniorination 
Cterined the "information emphasis") and another overemphasising 
individual Judgment (termed the "insight emphasis"). The two emphases 
and the "composite perspective" (as it was named) are used to develop 
statements of three alternative positions to whieh views of teaching 
relevant to a particular dimension may be compared • 

Application of the analytical scheme 

The manner in which theoretical perapectlves on science and 
teaching are developed yields an analytical scheme of eleven dimensions^ 
w^ith three alternative positions stated on each dimension. It is the 
task of Chapter V to demonstrate application of the analytical scheme in 
the context of making an Initial assessment of the scheme's applicability. 

Dimensions of the analytical scheme are appropriate for exanilnlng 
the content of views of sclGnce and teaching, but they do not touch 
directly on the manner in which views are held or eKpressedi To permit 
application of the schenie to take account of the structure of arguments 
as well as their content^ the analytical device of an "argument-'pattarn" 
for rational arguments Is used, as developed by Toulmin* Supplementad by 
the argument-pattern, tbr^ analytical scheme is used to examine passages 
selected from textbooks which discuss rationales and methods of iclence 
teaching. Four passages are analysed in Chapter V and judgments about 
the scheme -s applicability are made on the basis of the results* Passages 
from the remaining four of eight textbooks initially selected as sources 
of data are analysed in Appendix to which readers may refer for purposas 
of furthar assessment of ths scheme's applicability. 

Conclusions Related to the Applicability 
of ths Aaaly tlcal Scheme 

The application of the analytical scheme to excerpts from science 

methods textbooks permits the statement of a number of conclusions about 

the applicability of the scheme. The answers to the questions which 

guided the assessment of the scheme's applicability provide the most 

S traightforward conclusions I 
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Each of the eleven dimensions of the analytical scheme la found 
to be rQlevant to at least one of the arguments analyaed In Chapter V, 
From the evidence nvailable each dimension appears to have sufflcieiit 
range and detail to be usciful in the analysis of arguments about why and 
how science should be taught- Appllcatlpn of Um scheme Indicates that 
the scheme's clarity Is improved by one modification which Is shown in 
the revised version of the scheme In AppendlK B. 

Analysis of arguments according to dimensions of the analytical 
scheme does permit one to make inferences about the extent to which 
Issuas are addressed clearly , distinctly^ and comprehensively in an argu-- 
ment. The content of the analyzed passages does not demand or suggest 
additional dimensions for the scheme^ and the dimensions developed 
initially appear to have the Gomprehenslve coverage appropriate to such 
a scheme. 

Application of the analytical scheme also facilitates identlfica-- 
tion of the authority upon which an argument appears to rest* Touimin's 
argument-'pattern is shown to be a valuable supplement to the scheme, 
particularly for analysis of provision made for an arguinent to be 
accepted on rational authority* Variations in the structure of argumenta 
can be detected in the course of application of the analytical scheme* 

Two broader generalisations may be drawn from the evidence avails- 
able in Chapter V* In the twenty-nine applications of a dimension to an 
argument in the main analysis (see Table 4, page 193 there is not one 
clear Identification of a position eKpresaed by Popper, Garnapj or Kuhn 
with respect to science or of the positions interpreted as elements of a 
comprehensivB perspective on teaching i (This result is corroboratad by 
the eubsldlary analysis.) This "non-result" suggests the hypothesis that 
te^ctbooks concerned with methods of tsachlng science have not incorpo- 
rated significantly or success fully the achievements of philosophy of 
science or philosophical analysis of teaching. The hypo thesis , which 
meriti Investigation^ conforms to sKpectatlona one might derive from the 
traditional assumptions which appear to have been made about requlreraetits 
of teacher edueatton programs, 

A second generalisation concerns the structure of argumenti. 
The evidence in Chapter V suggests the hypothesis that the structure of 
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an argumarit Is not taken into account explicitly by the authors of 
science methods textbooks. Each of the four styles examined in th© main 
analysis has shortcomings when assessed on criteria derived from the 
argument-pattern construct developed by Toulmin* The variability of 
authors' styles suggests that the structures of arguments ara more 
idiosyncratic than intentional or systematic. The absence of eKpliclt 
references to the structure of arguinents is an absence of direct attempts 
by authors to attend to the manner in which their claims are perceived by 
readers* (On this point, evidence in the subsidiary analysis is consia- 
tent with the evidence in Chapter V,) 

This study has focused on the question of the provlsioii made by 
science teacher education programs for the development of views of 
science and teaching. The study illustrates how the analytical acheme 
may be used to assess the provision made by science methods textbooks* 
Science teacher educators could use the analytical schetne in othar ways 
as well* The scheme could be used as an analytic device for making 
experiences consistent and comprehensive in a program of scleac© teacher 
education. From the scheme one might develop questions relevant to the 
Identification of Individuals* views of science and teaching. The scheme 
may help determine appropriate directions for development of views of 
science and teaching. Finally ^ it may even be appropriate to teach the 
substance of the analytical scheme to prospective science teachers. 

Topics for Further Research 
The analytical scheme developed and applied in this study has 
passed an initial test of its value for examining the potential concep- 
tual Interaction between claims about the teaching of science and the 
views of science and teaching which a prospective science teacher might 
hold. The most direct research extension of the study would be to 
various aspects of science teacher education programs other than tsact'- 
books— for eKample, verbal Interaction in various preparatory coursea. 
The theoretical perspectives developed In the study should also provide 
a conceptual basii for research concerned with views of acleiice and 
teaching actually held by teachers i views implied by their teaching 
behaviors, and procegses by which views or teaching behaviors actually 
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do change. Each of these extensions beyond the analysis of ^ritLen 
claims in teKtbooks on the teaching of sciance merits brief discussion. 

The provision for development 
made by verbal Interaction 

As already mentioned, it would be appropriate to assess the 

analytical scheme's applicability to other elanients of science teacher 

education programs. Additional conaldirattons may arise In the analysis 

of the medium of verbal Interaction. The most obvious formal setting 

which Involves verbal Interaction is the class meeting of a preservice 

or inaarvlce courie for science teachers. A meeting held for the 

analysis of teaching practice may be of special importance because it 

deals with events in which the teacher or teacher candidate is an 

influential participant. Although aupea^islon of beginning and eKperi-- 

enced teachers has been analysed In many ways, It has not been studied for 

the development of elements of a teacher's "model of teaching^" such as 

views of the nature of science and views of the concept of teaching. It 

would be valuable to determine the usefulness of the analytical scheme 

for that purpose. 

Analysis of Individuals' views 
and teaching behaviors 

Intentionally^ the study has been limited to the provision made 
for the devalopment of views of science and teaching. Views actually 
held by prospective and experienced science teachera and views implied by 
their teaching behaviors are obvious and significant areas for extension 
of the work begun in this study. 

As noted in Chapter I, there is a small body of research in which 
teachers* views of science and teaching have been investigated. The 
analytical scheme appears to represent a sound basis for an alternative 
approach to the study of teachers' views. To what extent views of science 
and teaching actually held by individuals cati be identified with the aid 
of the scheme developed in this study la an Interesting and important 
empirical question. 

Another research topic to which the study may contribute is 
analysis of science teachers* behaviors for their Jjnplied views of science 
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and tGachiiig. The analytical echeina developed Imrc is an addition to the 
group of iiisLruiiients dcistiTtbed in Chapter XI as products of research 
conducced in the same maaiiar as tlm preseTit stud^. The perspactives on 
science and teachlag expressed In the analytical scheine should be useful 
in the obsetvatlori and interpretattoii of sciencG instruction, 

Coinparison of taachers^ professed vi^wa of science and teaching 
with the views tmplied or suggested hy thair teacliing behaviors is yet 
another topic of potential interest, The coniparison of words and actions 
also suggasts Itself as a technlqiie ^hich could be assessed for its 
contrlbutton to the dGvelopmeat of vlaws of science and teHching by 
scienca teachers* 

Confldeace in tGClmlques for identifying views held hy teachers 
or Implied hy taaching baliaviors TOuld permit one to Initiate longitudi- 
nal studies £or the purposa of detecting changes in professed views and 
changes la teaching beliavlors. Both the content of changes and the 
processes by which changes occur vould be of interest^ ^^Jith direct 
implications for the preparation and supervision of science teachers. 

These topics for further research are suggested not with a view 
to the eventual control of teachers* views or behaviors ^ but with a 
view to informing those who are in positions to make provision for 
science teachers to develop more complcK and effective models of 
teaching. It la eKpected th^t such developnient would have significant 
ImplicatlOfis for outcomes actually achieved "by students of science and 
for the professtonal niatiirlty achieved by teachers of science. 

Sutmnary 

This study develops and assesses the applicability of an 
analytical scheme Cor emmlnlng the provision made by science teacher 
education programs for the development of teachers* views of the 
nature of aclemce and the activity of teaching* The scheme may be 
applied tQ the design and to the interpretation or evaluation of 
argumeats ^akltig claims about rationales and methods of science 
Instruction, Botli the content arid the structure of argiunents may be 
analyzed, Sevecal significant topics for further research arlee from 
the theoretical perspectives developed in the study. 
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The study davalops implications of viuwln^ n tcncher as au 
autonomous profcBslounl ratl.ar than a technician. The corrcspDndiii- 
task of teacher education 1h tho identification and development of an 
individual's model of teaching, by processes which arc Bystematlc but 
not routine. The study demo. ;rates the application of an alternative 
form of science education research to issuea and practices of science 
teacher education. 
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Toward Mora Effpcbiva Gc LgMfLiH£Hii££^^ 
by Andersan and Koutnlk, boginB with a chap tar titled, "A Defialtlon of 
Sclauco Ualevant to Science Teaching Selection A is taken from a 
section of the chaptGr headed "Scientific Objectives for Learners. 
Tim first of two main arguments develops a positjon related to how 
sciQUca should ha tau-ht. Tha second argument develops a position on 
the topic of reuognizing a "scientific*' subject area. One dimension of 
the analyUical scheme is relevant to uach argument. 

^^XT INITIAL ANALYSIS 



Scientific Obj^Gtives 
for Learners 

Wa have given at ten Lion to the 
"different way of looking" at 
common things that has probably 
accounted for some of the most 
5 significant breaktb roughs in 
science. Then we considered and 
rejected patterned scientific 
mathod, which left applying^ 
understandings and valuing (attl- 

10 tude) the "basic skills" of 

scientists and inquirers. (Re-^ 
call that the "basic skills'* we 
refer to include such operations 
as interpreting^ observing, 

15 hypothesizing, designing and 
eKecuting investigations^ and 
defining problems , though not 
necessarily in a reliable order 
of occurrence,) What we have Is 

20 a combination of creative and 
critical thinking (that is, the 
divergent view and inquiry 
skills) . 



The first paragraph (lines 1- 
23) contains the Data used in the 
first argument. The authors re- 
peatj In some detail, the Claims 
of two previous arguments- In 
their analysis, science has pro- 
gressed by looking at coiranon 
things in new ways (lines 1=6) 
and by creative ^ divergent think- 
ing (lines 19-22), Scientists' 
methods Include "basic skills" of 
inquiry or critical thinking, not 
one patterned mathod (lines 6-23) 
The Pragrsss of saimoe dimension 
Is likely to be relevant to this 
position on the nature of science. 



^Hans 0. Andersen and Paul G. Koutnik, Toward More Effectiv 
Sc ience Instruction In Secondary Education (New Yor?a Tlie Macmilla 
CompanyV i972)V PP. 1"9. 

"^Ibld.p pp. 6-8* 
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It should foilnw thai: if 

25 scicncG instruction to pro-* 
vide leornero with a roali£sLic 
view of £icienCQj it should pro=- 
vlde oppor tuivitluB and active 
support for coniprehension and 

30 application of basic skills to 
V^^Q acquisition of increaGed 
understanding • Fur Lh^rmore ^ i t 
must Gucouraga dlver[;encG and 
the development of predisposi-- 

35 tions to view issues from vari-^ 
ous perspectives 5 including 
those of other individuals or 
grouiLS. In such instruction the 
learner's primary objective is 

40 increased understanding. (As 
suchj no stigma need be attached 
to being ''wrong'* or accepting 
someone's opinion other than 
one's own if increased nnder-- 

45 standing results*) 

We hypothesize that the suc^ 
cess and reward eKperlences 
associated with application of 
basic skills and divergent ob^ 

50 servation in an environment 
relatively free of thret.cs to 
the self are likely to aid 
learners to be sensitive to and 
objective about Information^ 

55 ideas, ideologies^ and institu^ 
tions in sociaty, • • * 

Science Can be Many Things 
in School 

Science, defined as a combi- 
nation of applied inquiry skills 

60 and predisposition to viex^ 
available things from unusual 
perspectives, is more of a 
generalizable collection of 
behaviors J understandings , and 

65 attitudes than a group of 
academic disciplines with 
"scientific" names ending In 
--ologif or -ioB, As such we 
offer the proposition that any 

70 subject matter area in which 
Inquiry and divergent observa'- 
tion have operated together to 



The second paragraph (lines 24- 
45) complotes the first argumont. 
The Claim is made (lines 27-38) 
that science instruction should 
encourage understanding and use 
of both basic skills and diver- 
gent observation* The statements 
that science Instruction should 
provide a redlistic view of 
science (] ines 24-27) s for piur= 
poses of increased understanding 
(lines 38--45) seem to serve as 
Backing for an implied Warrant 
that science instruction should 
be patterned on characteristics 
of science * 



The final portion (lines 46«56) 
of discusaicn ralevant to the 
first argument seems to suggest a 
Warrant which could be astab-- 
ll.^hed if certain learner out-- 
comes are achieved as a result of 
teaching science according to the 
Claim already presented (lines 
22-38)* References to success, 
reheard, and freedom from threats 
seem too general for comparison 
to dimensions of the analytical 
scheme , 



The second argument (lines 58- 
76) begins by indicating that 
viewing science as a combination 
of inquiry skills and creative 
thought is regarded as a defini- 
tion of science (lines 58-62), 
The balance of the first senttnca 
(lines 62^68) appears to provis?e 
both Data and Conclusion. As 
Data^ the authors indicate that 
science is of teii viewed as a 
group of academic disciplines. 
As Conclusion, they indicate a 
view that science is "more of a 
generallEable collection of 
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havci produced the generally 
rucogiit'^Gd major increments in 

75 development of the area may bii a 
scientific one* Without coo 
much troublG one could ^ nccapt-^ 
ing this, Druduce En argument 
for nearly the whole curriculum 

80 of the school being science and 
inquiry orleLitedj where the same 
student nk^^ls are objectivas of 
uhe mauy disuip^li^^^ and the 
total prog:/am of a school is 

85 coord Lna tad co deva'.op creative 
and critical thinkers. 

Your initial teaching assign- 
ment may not be In such a center 
of inquiry 5 but this need not 
90 release you from the obligation 
to represent your area of sci- 
ence in a way consistexit with 
s rlence itself. Other parts of 
this book will deal with 
95 theories and technologies of 
science instruction. It is 
enough here to advocate learn- 
ing objectives in the creative 
and critical thinking domains 
100 of science ah we have attempted 
to define it. 



behaviors, undara tandings , and 
attitudes.*- These serve to 
establish the Warrant that any 
subject jrea may be sclontific 
if it develops by Inquiry and 
divergent observation (lines 68-* 
76). So interpreted^ the Backing 
of the argument is the definition 
of science (lines 58^62). The 
DQmaroation of saienae dimension 
seems rolevant to this argument* 



The remainder of Selection A 
(lines 76-101) extunds the 
results of the first two argu-- 
ments to the school curriculum 
and to the teacher's role. These 
are subsidiary arguments which do 
not appear to raise new issues. 



Detailed analysis 

In both arguments, it Is possible to identify or infer directly 
the basic argument-el-meats. The Hrst argument is a Warrant-using 
argument; the second is a Warrant-establishing argument. The patterns 
of these arguments are displayed in Figures 9 and 10. The Data of 
argument A-1 and the Backing of argument A-2 are identical. 

The Progmss of saisnam dimension provides perspectives for 
eKamining the authors* statement, in argument A-1, that science seems to 
develop as a result of divergent or creative thinking and critical 
thinking. While the authors' position does not conflict with the 
dimension's three positions, it does not coincide with any either. 
That is. Car nap. Popper, and Kuhn have different interpretations of what 
is involved in the progress of science, while the authors of Selection 
A eeem to regard recognition of progress as unproblematle. Analysis 
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DATAi ScicncG haa pirogrcs^^ed 
by a combination of creative 
(divc^rgcnt:) thinking nncl 
critical thinking (using 
"inquiry akilis'*) . 



So, CLAIM: SciGnce instruction 
ohoulcl cincouragcj the undcir^ 
standing and use of basic 
skills and divergent obscr^ 
vation. 



Since, WARRMT- One should teach 
sciencG according to char^ 
ncLeristics af science. 



On account of ^ BACKING^ Science instruc- 
tion should provide a 
realistic view of science* 



Argim&nt A-1 



Fig. 9. ---The pattern of the first main argument 

of Selection A, with Warrant made explicit, 



DATA: Science is often 
viewed as a group of 
academic disciplines . 



So, CONCLUSIONS Science is 
more a generali^able col- 
lection of behaviors J 
understandings ^ and 
attitudes * 



Since ^ WARRANT: Any subject area 
may be scientific if It 
develops by the use of 
inquiry and divergent 
observation* 



On account of ^ BACKING.' Science may be 

defined as a combination of 
applied inquiry skills and a 
predisposition to divergent 
observation. 



Argmmt 4-2 



Fig, 10. -"-The pattern of the second main argument 

of Selection A* 
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in tarnm of tlio Proijp^nn} of ntrUnioci cUiuau^^inn heaps to CBtnblJ.Bli juhL: 
wlint l^i And Lb not implied by Uhc aubhura- annlyfcjia of science, 

llov; tliQ authora' definition □£ scicinae EtaadG up an a critcArion 
for the deinarcaliioti of Bciancc xb an interesuing question. The authors 
appear to have followed an approach similar to Kuhn's In the sense that 
they liAve looked at how scienca has progreBsed. Their result is differ- 
ent from Kuhn's position, but the more significant difference is what 
they make oi: their result. Having formulated a criterion of demarcation , 
Carnap, Popper ^ and Kuhn do not attempt to use it to extend what is 
racognl^ied as science. While the authors' definition of science appears 
relevant to the question of demarcation^ their use of the definition in 
argument differs from the customary use of a criterion of demarcation* 
It appears that they have identified several significant characteristics 
of scieiiee^ but not a definitive set of characteristics • 



Ck)nimentai^y on the analysis 

In Selecuion A, two dimensions of the nature of Bcience may be 
applied to the authors' interpretation that science involves a combinatign 
of creative and critical thinking. In argument A-X, their view serves as 
Data and is related to the question of the progress of science. In argu-- 
ntent A-2, the view is used as Backing in establishing a Warrant v;hich 
seems comparable to a criterion for the demarcation of science. 

Reference to different positions on the dimensions of Progress of 
BoiencQ and Dmnaraation of aaiBnae suggestB that the authors' interpre- 
tation of science is a limited and oversimplified one* l^Jhile the argu-- 
ments appear to be complete, they do not meet the standards of assessment 
suggested by two dimensions of the analytical scheine* No inodif icatlon 
of the scheme is suggested by analysis of this selection. 
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" ^ passage selected from ColleLta'B Scioaco^achH^ 

Secondary Scliool concludos a chapter titled ''Tha Nature of Science,- in 
wlUdrthc. author discuBBes the nature of scicnco a. a body of knowledBe, 
as a way of investigating, and as a way of thinking, Tha passage 
providas an Dxamplo of an arEument which moveB from actual character- 
isticB of scienna to dGsirabla characceristics of science teaching. 

Selection C has raore to say about charactaristics of science than 
about charactarlsticB of teaching. The discussion focuses on the fact that 
HcLonco changes and on the existonca of various prQcesses and methods of 
inquiry. The language used to express concluaions about how science should 
be taught appears to imply a position about the nature of teaching. 



TEXT 

The Implications of the Nature 
of Science for Science Teaching 

VJliat ore the implicatians of 
the nature of science for 
science teaching in this 
day and age? Science is 
5 nocessarily a dynamic ^ 

changing enterprise and thus 
should be presented as such 
in our modern science teach-- 
Ing* Not only will this 
10 emphasis on the dynamic nature 
of science give a "truer 
picture of science but 
hopefully it will help young 
peuplc to expect changes, to 
15 have positive attitudes 

towards change ^ and to pre- 
pare them for the future* 
Traditional or conventional 
type science courses, which 
20 present; science as an 

immutable buuy of disparate 
factSj become outdated quickly 
and therefore do not provide 
the experleaces needed for 
25 understanding and coping with 
change. Neither do these 
courses present a good picture 



^A.T. Collette, Science Teachln 
(Boatoni Allyn and Bacon, 1973), pp» 1 



INITIAL ANALYSIS 



The first argument (lines 1-28) 
uses Data that science is dynamic 
and changing (lines 4-6) , This 
point is fnllowed iiranediately by 
the Claim t at science teaching 
should present science as dynamic 
and changing (lines 6-9), Sub- 
sequent remarks indicate the 
nature of the Warrant available 
in support of the Claim* Empha- 
sizing the dynamic nature is more 
accurate (lines 9-12), and It is 
hoped that it x.rill prepare pupils 
to cope with change (lines 13^17) » 
The author does not rely on a 
Warrant which has been established 
previously. He does report with con- 
fidence that teaching science as un- 
changing has been tried and found 
wanting^ This related argument seems 
to be based on a Warrant that it Is 
logically impossible for a "conven- 
tional" course to achieve the results 
he desires, (lines 23-26). The con- 
trast between ^'changing" (line 6) 
and "Immutable" (line 21) may raise 
issues on the E&taHanBhip of Batman 

g In the Secondary School 



22"23* 
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of the sciertific enterprise. 

Science is an ongoing, self- 

30 corrective inquiry process. 
It is a means for studying 
the environment. Science 
teaching » therefore i should 
reflect the processes and 

35 methods of modern science. 
It should be emphasized in 
our teaching that there is 
no aingle method and no 
formalized set of procedures 

40 which lead to discovery. 
Although there are general 
procedures such as question" 
Ing, observing J hypothesis"" 
ing, collecting, and Inter-' 

45 prating dataj theorizing, etc, 
which are common to all 
sciences, the specific 
processes and procedures 
used vary from one science 

50 to another* Whatever the 
science taught, the general 
and specific science processes 
and methods of inquiry should 
be emphasized. Hopefully, 

55 through this emphasis the 
student will not only come to 
better understand the nature 
of science but will acquire 
certain Intellectual skills 

60 which make it possible for 
him to organize his thinking, 
recognize and use relevant 
Information, and in gentral, 
perform as an Intelligent and 

65 rational human being, 

[An omitted argument concludes 
that science teaching should be 
ba^ed on conceptual schfimes, to 
show the order and stracture of 
scientific knowledge,] 

In summary, a high school 
science course should 
emphasize the methods of 
modern science and its 

70 conceptual framework. In 
order to understand sciencei 
the atudsnt must not only 
have the knOTledge of Che 
concepts, theories , 

75 principles, and laws of the 



to truth dimension. 

The se4iond argument (lines 29- 
65) uses Data about the processes 
and methods of scientific Inquiry 
(lines 29^32, 37-^40, and 4W0) , 
The Claim appears to be stated 
twice, first in terras of "re- 
flecting" scientific processes 
(lines 33-35) and then In terms 
of "emphasising" them (lines 35- 
40 and 50-54). Again the Warrant 
Is expressed as a hope (line 54) . 

The two Warrants have certain 
common features. The word "hope" 
is associated with both, and both 
mention understanding science 
accurately and acquiring skills 
useful in inf ormation-^processlng* 
It may be inferred that the Back* 
ing of both argiKnents Includes 
the Opinion that representing 
characteristics of science accu- 
rately will contribute to the 
objectives which the Warrants 
share. 

The second argument's focue on 
procedures or processes of 
inquiry seems relevant to the 
Progr&BB of BaienG& dimension* 



The final paragraph begins by 
suttmarlzlng the Claims of 
three arguoisnts , one of which has 
been OTlttsd from the text of the 
selactloti. Lines 70-83 seein to 
provide an overall rstionale for 
the arguments* In view of the 
lack of support for the Warrants 
used, these statements may be 
Interpreted as Backing for the 
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disciplinas he must apprecl- 
ate how his knowledge is 
obtaiiiGd and how It fits 
IntD a structural frame- 
80 ^'?Drk* A scicnca course 

should convey the revlsion- 
ary nature and incex'tltudGS 
of scientific kno^^ledgGp 



V/arraTits. The Inst sentence 
(lines 80--83j seems to rephrase 
the Data uBed in the firBL 
argunitint . 



Detailed analysis 

Several features of the arguments In Selection C marit comnient. 
In both arguments, the Claim is presented Imniediately after the Data, 
before the Warrant Is provided* Also, each Warrant is eKpressed as a 
hope J suggesting that the author may not be able to provide arguments in 
which the Warrants have been established* In these circunistances , 
Backing is particularly important | the two arguments have a common Back- 
ing which is preseuted at the end of the selected passage* 



ATgwnenb C^l 



D* Science Is — 
changing and 
dynamic * Con= 
ventionally, it 
has been taught 
as immutable* 



-^C* Science 
teaching should 
present science 
as dynamic and 
changing * 



Since, WARRMT: Emphasising the 
dynamic nature of science 
Is more accurate and (hope-- 
fully) more likely to 
prepare students to cope 
with change* 

I 



D: Science le- 
an on*-going 
self ^corrective 
inquiry process. 
Some procedures 
are comon to 
all sciences I 
some are unique 
to each. 



^>=Ci Science 
teaching ahffuld 
emphasize 
general and 
specific pro-^ 
cesses and 
methods of 
inquiry. 



Since p l^ABRMti Emphasising 

processes and methods of 
science will (hopefully) 
produce better understand 
ing of science and develop 
deslrabla skills. 



On account of ^ BACKING: Presenting characterlgtiGS 
of science completely and accurately 
ahould enable students to understand 
science and use Its InforTOatlon* 
processing tnethods. 



Fig. 11 *--ArgiMnent-^pat terns from Selection C 
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The poHltion expra«.^d by interpreting science dynamic, 
changing, n.d rcvi.tonary (roUher than i.nmtabla) ..a,n. mora rulavant 
to tha EalaUonnln^v of aaiena, to truth dimanBion than to any otha.. 
Both Popper and Kuhn consider the aharact«ristic of: change in «cxancc, 
but they piaco this characteristic in relation to othor.. The author of 
S.U.c.ion C seamB concerned with the recognition of revision and change 
a. a feature of science, and ha does not analyse the characteriaUxc 
further, 

Recognl2:ins that scientific inquiry may involve a number of 
"procedures and proaassas" Is. again, different from analyzing the 
characteristic in relation to other characteristics of science. Tl..s 
characteristic could relate to two dimensions of the analytical scheme, 
Hmo empiriaal aantmt inar^mm or P^og^ms of BoUnae. although the 
latter see^s more likely. That it Is not possible to be more specific 
and to relate the characteristic noted by the author to the three posi- 
tions in the schema scenes to result from the fact that the author puts 
a characteristic formrd mthout analysis or illustration. 

selection C seems to express implicitly a position related to 
the Comrmniaatian and Natur. of Umking dimensions. "Present" (lines 
7 20 27) «nd "e.phasi.e" (lines 10. 36. 54. 55. 68) are the two words 
Jst frequently used in association with the phrase "science teaching 
should" or its equxvaient. "Give" (line 11). "help" (line 13), provi as 
(line 23). "reflect" (line 34). and "convey" dine 81) are also used with 
the sam. phrase. On tha two dimensions noted above, these words seem 

4^¥r.A T7i* t-h fha information emphasis* 
more likely to connote positions associated "ith the inl 

The author may not have intended to express this or any position about 
the nature o£ teaching, but the repetitive use of a few related vords 
does sugse^t positions which may bs placed on dimension, of the analyti- 

cal scheme. 

Commentary on the analysis 

Analysis of Selection C reveals two arguments In whicn a charac- 
teristic of science is Identified but not elaborated or related to othar 
features of eclen.e. Reference to relevant dimensions of the analytical 
scheme highlights th3 fact that character!. ties are state but not d.s- 
cussed. The author presents each character is tie as one which has not 
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hoau rccnonL^^od ;ln '^convontlonal'^ Hclunco tioadrLag (lineiJ 18 to 28 and 
36 to hO) aiul movuB clU'uctiy to a Claini Lhrii: Lliu charactci-istiic should 
be rafiactcd in iicicmcici tiDachlng • The Warrants are tentativG, and their 
HiickLus i« a potiltiDn concerning outcomes of particular methods of 
scicnca taaching. 

The stirucLuru oE tliQ arBUmcuts is complQte^ but the Warrants and 
Racking arc not aduquate to support the ClalTTiB made by the author. The 
unitiCornmtive resulty of refarGnca to dimensions of the analytical scheme 
calls attention to the limited nature of the Data provided in each 
argument. No modlf tea tion to the schema 1b suggeBted, 
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Selection F 



Teaehlno Science by Inqutry in the SecQiidary School^ by Sund and 
Trowbridge^ begins with a cliapter titled "Wiat is Science?'*^ Included in 
the brond range of topics are the nature of theory developTnent In science 
and the importance of objectivity in scientific research. The selected 
passage includes the final paragraphs of a section titled "The Goals of 
Science J " and the entirety of the following sectionj titled "Research. 

The discussions of the two topics In this selection proceed in 
similar fashion. In both instances, a fairly complete argument estab- 
lishing the authors- position is followed by several unsupported claims 
on subsidiary issues. As the initial analysis indicates , dimensions of 
the analytical scheme are applicable only to the two primary arguments* 



,.2 



TEXT 



INITIAL ANALYSIS 



THE GOALS OF SCIENCE 

Theories and Scientific 
Principles 

(Three paragraphs omitted) 

Theories are based On facts 
which are derived from observa-- 
tion and experimentation* As 
our experimentation progresses 
5 and reveals new information ^ 
theories often have to be 
modified* Scientists search 
for theories and principles 
which are true and unchanging p 

10 but the history of science has 
shown that there is no cer-- 
talnty in science but only 
probability * Because theories 
evolve and are modified as our 

15 knowledge of nature inareasesi 
the goals [sic] of science in 
formulating broad, encompassing 
Ideas of knowledge—theories^- 



The discussion of science in 
lines 1-37 focuses on the unend-- 
ing nature of theory-buildlng. 
In lines 1-9, four distinct cate-- 
gorles are Indicated: phenomena ^ 
facts ^ theories s and individuals 
who eKperlTOSnt and theorize* 
The Claim that theory devel- 
opment has no end In science 
(lines 16^19) relies on the 
Warrant that theories are modi-* 
fled as new Information demands 
(lines 3-7 and 13-15)* Data are 
drawn from the history of 
science (lines 7-13)* The Pro*^ 
gT0BB of sai&nam dimension is 
relevant to the account of theory 
modification (llnss 3--7) s while 



Robert B* Sund and Leslie W* Trowbridges Teaching Science by 
Inquiry in the Secondary School (Columbus^ Ohloi Charles E. Merrill 
Books J Inc.^ 1967)rpP* 1^24* 
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never ends* There is always 
20 an aaslgnment for the next 
generation « 

With this realization, a 
scientist is humble about what 
he knows and thinks he knows. 

25 At first theught, it seems that 
the futile . iarch for certainty 
would be frustratlngi but there 
is joy in the discovery that 
knowledge is unending* There 

30 la always more to do and learn 
and more problems to solve. 
Life itself is a process of 
Bolving problems, and a scien^ 
tiat enriehes his life and his 

35 self-concept by being Involved 
in problems of value to all 
meni 



the Melationahip of saiBnae to 
truih dimension seems relevant to 
the choice between certainty and 
probability (lines 7-13). 

The second paragraph (lines 22*- 
37) contains three Claims about 
the attitudes of scientists 
toward the unending nature of 
theory development. These atti- 
tudes are humility (lines 22-24) > 
Joy (lines 25-29) t and enrichment 
of life and self-concept (lines 
32-37). None of these Claims is 
supported by additional argument- 
elements . Dimensions of the 
analytical scheme are not applic- 
able. 



RESEMCH 

Students often confuse science 
with research"not all science 

40 is research I as was previously 
indicated In this chapter. 
Research may be defined as an 
attempt to collect unbiased 
Information about observed 

45 phenomena. Research implies 
active involvement In the 
solving of a problem not 
previoualy answered by man. A 
student may follow acientlfic 

50 procedures in solving a problem^ 
the answer to which he does not 
know; however s if the answer 
has been determined previously 
by a scientist^ the student is 

55 scientifle but he is not doing 
research. Since man is often 
biased* the scientific pro- 
cesses have been devised to 
insure that he is objective in 

60 his decision making and in his 
approaches to a problem. It 
would seem to be easy for a 
novice to do research, but the 
untrained mind seldom has 

65 learned the techniques of 
guarding against unbiased de- 
cisions* Training in the pro- 



The ObJ&ativity of BoimoB 
dimension is relevant to the dla^- 
cusslon in the final paragraph 
(lines 38-72). The dlsouasion 
begins with criteria for recog- 
nising research, and the defini- 
tion is applied in an eKampile 
which distinguishes between 
"being acientlfic" and "doing 
research" (lines 48-56) . 
"Unbiased" and "not previously 
answered" are the essential * 
characteristics of research. The 
definition (lines 42-48) serves 
as Backing for the argument which 
takes man's frequent bias as 
Datum (lines 56-57) and moves to 
the Claim that "acientlfic 
proceasea" have been developed to 
insure objectivity (lines 57-61), 
Two Ihcomplete ^rgiunents conclude 
the discussion (llhea 61-72) . 
The authors present Claims about 
the research-raadlnesa of a 
person with an untralnad mind 
and about the length and value of 
training to do problem-solving. 
Dimensions of the scheme are not 
applicablai 
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cosses and techniques of solv^ 
ing problems intelligently 
70 requires a long period of 

education but one having value 
beyond calculation. 

Detailed analysis 

Initial analysis of Selection F indicates that there are two 
major Warrant-Fusing arguments ^ concerned with the nature of scientific 
theory development and with the objectivity of scientific research. 
Presentation of the patterns of these two arguments is useful preparation 
for the task of applying relevant dimensions of the analytical scheme to 
the content of the passage. 

The arguments appear relatively straightforward when displayed 
as in Figures 12 and 13. The Backing of the first argument is not 
presented explicitly, but the Backing hypothesised in Figure 12 is 
certainly implicit in the presentation of the argument* Thus it Is 
reasonable to suggest that these arguments could be accepted by a reader 
on rational authority rather than the personal authority of the author. 
Such decisions to accept or reject on rational authority depend on the 
acceptability of the Backing of each argument. Dimensions of the 
analytical scheme provide criteria for assessing the acceptahllity . 

Two dimensions are relevant to the content of the first argument. 
The sentence In lines 7 to 13 raises the issue of the Emlationship of 
sairnQS bo truth. It also associates truth with certainty^ and suggests 
that what is not certain is probable. The sentences iti lines 3 to 7 and 
13 to 19 indicate that scientific theories are modified in the light of 
new Information or knowledge of nature. This topic is considered in the 
Ppogr&ss of Baienoe dimension. 

The authors of Selection F suggest that scientists would prefer 
to develop theories characterized by truth and certainty^ but that 
history shows they must be content to settle for probable theories which 
evolve over time* as new information is obtained (lines 7 to 15 and 25 to 
29) , Reference to positions on the RmlationBhip of Baienoe to truth 
dimension suggests that Carnap, Popper, and Kuhn have gone well beyond 
the history of science for their analyses of this question* In different 
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DATAs The hisUory of science ~ 
records many instancas in which 
theories regarded as true and 
certain were modifiad at a 
later timet. 



^So, CLkmi Scientific thoories 
are probables not certain, 
and may be said to Gvolve, 
so that the development of 
theory has no end. 



Since, WARRANT i When new Informa- 
tion is obtained [which con- 
flicts with an accepted 
theory] I it is necessary 
[and possible] to modify the 
theory to accommodate the 
new information. 



On account of, BACKING (hypotheslEed) : The status 
of theories and the natura of their 
development may be determined from 
the historical record of science, Argummt F^l 



Fig* 12. "The argument-pattern of the first major 
argument of Selection with Warrant 
expanded and Backing hypothesised. 



DATUM: "Man is often — 
biased- " 



^So, CLAIM-* '^Scientific processes 
have been devised to insure 
that [man] is objective in his 
decision making and in his 
approaches to a problem." 



Since s WAJmANTi Research must be 
done objectively^ without 
bias* 



On account of, BACKING i "Research may be 

defined as an attempt to collect 
unbiased information about 
observed phenomena.*' 



Argianmt F^B 



Fig. 13*-^-^The argument-pattern of the second major 
argument of Selection F* 
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ways, Carnap and Popper inteLpret scientific statements so as to preserve 
the usefulness of the concept of truth. Kuhn argues that no reference to 
the concept of truth is necessary. Interestingly ^ the issues raised by 
the subsidiary Claims in lines 22 to 37 seem insignificant if one adopts 
any of the three positions on this dimension of the analytical scheme. 
Reference to this dimension suggests that a less complex view of the 
question is being taken by the authors. The efforts to turn disappoint- 
ment into satisfaction (lines 22 to 37) lend support to a view that the 
authors discount the possibility of alternative interpretations of, and 
Inquiry into, the relationship of science to truth. 

The authors' account of theory modification also appears less 
compleK than those accounts eKpressed in positions on the Progvess of 
soiena& dimension* Statements in Selection F (lines 1 to 7 and 13 to 19) 
seem to imply that once one accepts that theories change , it is easy to 
agree about how they change i by modifying theories to accommodate new 
information obtained without reference to theory. Carnap, Popper, and 
Kuhn present three different interpretations which take Into account 
considerations other than the need to incorporate new information^ and 
possibilities other than modification and continuous theory evolution. 
Again 5 reference to a dimension of the analytical scheme indicates that 
there are significant issues which are not called to the reader's 
attention by the authors. 

A third dimension, Objeativity of saimQe^ is relevant to the 
content of argument which seems intended to eKplaln why certain 

unspecified ^'scientific processes" must be followed. . The authors 
identify lack of bias, or objectivity, as an essential criterion of 
research^ which is again interpreted as information collection (lines 42 
to 45), Unfortunately, the procedures, processes, or techniques (lines 
50, 57 and 58, 65, and 67 and 68) are not specified* Two positions on 
the ObJeatiDUy of sai&nae dimension establish objectivity without 
reference to a list of research procedures, while the third questions the 
possibility of achieving objectivity. The unsupported subsidiary Claims 
(lines 61 to 72) seem pale in the light of the more fully developed 
positions on this dimension of the analytical scheme. 
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Coimiiencaey on tht^ analytiis 

PorbapH becnuBC tha Claims nre straichtCorward and uncomplicated, 

appUcauion of Lhroe dinmnalDns of th« analytical scheme to tho nrsumant:s 
in Seloctlon F dumunM tratcs clearly the capacity of tha ocheme to facili- 
tate asBassinent of the Backings which the authors provide. The patterns 
of the two major arguments seem reasonably complete, permitting an 
assessniant that the authors do permit a reader to exercise independence 
of judgment. 

For each of the three relevant dimensions, comparing positions 
within a dimension to the position indicated by the authors suggests that 
the issues raised are not being addressed comprehensively. At no point 
do the authors hint that there are Ibsubs to explore or alternatives to 
consider, at the level of Backing. The dimensions of the analytical 
scheme provide an Indication of the potential range of interpretations 
at that level. Provision of Backing for an argument does permit a 
reader some measure of independence, but it in no way insures that a 
reader will be aware of alternative points of view. 

Tlie results of analysis do not suggest any modifications of the 

analytical scheme. 
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Selection H 

"Methods and Rasources of Scicticie Instruction" is the title o£ 
one of the four parts of Washton's textbook, Teaching Science Grsative ly 
in the Secondary Schools. The chaptar titled "Science as a Way of 
Thinking and Doing, ""^ includes n section which develops a contrast 
between "developmental" and "authoritative" teaching approaches. 
Although the argument has Bome implications for the nature of science, 
its main point is related to the concept of teaching* 

rp^vT INITIAL ANALYSIS 



Developmental versus 
authoritative approach 

As long as the science teacher 
uses the variety of methods and 
materials that are usually 
available through demonstra^ 
5 tionsj open-ended laboratory 
experimenta and pupil research 
projects, it is likely that the 
developmental approach is 
dominating the instruction. 

10 Occasionally^ there is a need - 
for a lecture or a narrative or 
an explanation by the teacher. 
EKplanatlons by the teacher 
which last for only a part of 

15 the period may occur more 
frequently. Lectures are 
classified under the authori- 
tative approach since students 
are eKpected to accept the in- 

20 formation^ including any con-- 
elusions that are presented. 

If one of the major objectives 
of teaching science is to 
develop in pupils the ability to 
25 solve problems J think scientif^ 
ically? and acquire scientific 
attitudes, then the developmen- 
tal approach to teaching science 



In the first paragraph (lines 
1-21) the author introduces a 
distinction between "develop- 
mental" and "authoritative" 
approachea. The distinction is 
cast in terms of methods , with 
demonstrations, open-ended eKper- 
imentSj and pupil research pro-- 
jects seen as significantly 
different from lecture ^ narrative , 
and teacher explanation, Then^ 
in the last sentence (lines 
21) , the authoritative approach 
is associated with eKpecting 
students to accept information 
so presented. These distinctions 
are used in the argument which 
follows. The Authority and 
Cormunioation dimensions appear 
relevant. 

In the second paragraph (lines 
22-41) the author expresses the 
core of hie argument by saying 
that if one has certain objec- 
tives, one should use certain 
methods. The first sentence 
provides both Data (lines 22-27) 



^Nathan S. Washton, TaacMn^^S^e^e^n the Secondary 

Schools (Philadelphia I W.B. Saunders Company, 1967), pp. 217 254. 



" Ibid ., pp. 222-223. 
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should dominate lu the various 
30 instructional methods, Tim 
trend is to favor tha process 
of inquiry and problem solving. 
The developmental procedures 
anable students to distinguish 
35 between observations and inter- 
prctationSs to propose and 
ecreen hypotheses ^ to design and 
perform experimentBs to evaluate 
data ccltlcallys to formulate 
60 conclusions 5 and/or to suspend 
judgment. 

The developmental approach 
places the emphasis on deductive 
and Inductive reasoning from 

45 which students draw the conclu- 
sions. In the straight lecture 
or complete narration by the 
teacher, the students are told 
what conclusions to accept, 

50 There are certain basic scien- 
tific facts and symbols that 
require acceptance and under 
many conditions will be 
presented by the teacher in an 

55 authoritative inanner. However , 
In generals the overview of the 
use of methods of teaching 
science should be for develop- 
mental purposeSs and concepts 

60 should be taught for meaning 
and understanding. 

For many topics it is essen- 
tial to plan the sequential 
order of ideas from simple to 

65 complex so that what was 
previously learned may be 
applied in learning new con-- 
cepts or understandings. For 
example, students need to 

70 understand mitosis and melosis 
before they can understand the 
various laws of inheritance. 
The meaning of haploldy and 
dlploidy are required to under-- 

75 stand genetic parental contri- 
butions to offspring, A 
knowledge of the structure of 
the atom and the molecule is 
basic to understanding bonding 



and Claim (lines 27-30) . The 
next two sentences Gxpress two 
different Warrants* The first 
is a "trend" (lines 30-32), while 
the second and more substantial 
Warrant states a direct relation- 
ship between methods and objec- 
tives (lines 33^41), It Is 
assumed that the objectives 
(lines 24-27) and the abilities 
(lines 24^41) will be seen to 
correspond directly. The view 
of science implied seems too 
broad to suggest specific 
dimensions , 

In lines 42^495 the author 
repeats one distinction made In 
lines 1-21^ between students 
drawing conclusions (developmen- 
tal) and students being told what 
conclusions to accept (authorita- 
tive) , Then he Introduces a 
Qualifier (lines 50-55) which 
states the specific circumstances 
in which tha teacher may authori- 
tatively tell students what to 
accept. The Claliiij first ex- 
pressed In lines 27-3O5 is 
repeated in lines 55-51. Here 
the term "developmental" (lines 
58-59) is applied to purposes 
rather than methods. 



The final paragraph (lines 62- 
86) is interpreted as a supple- 
ment to the main argument. In 
lines 62-68, a sequential devel- 
opment of ideas is taken as 
necessary for learning. The 
three illustrations (lines 68-80) 
could be Interpreted as Data- 
Conclusion pairings which estab- 
lish a Warrant, In lines 80-86, 
th^ topic of sequence is linked 
to the developmental approach 
stressed in the main argument. 
Here the teacher is referred to 
as a "guide" for the learner. 
This term Is not sufficiently 
clear to identify the teacher *s 
role with a position nn any 
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80 In chemical chnngti, Tho dimansion of the analyClcal 

learner is guided by the teacher schemG, 

to make oboervations ^ deductions | 

and inductions as part of the 

developmental approach in a 
85 plannod sequentinl order of 

experience. 

Detailed analysis 

Although there are two arguments in Selection Hj Initial analysis 
suggests that one is subsidiary to the other. Only the first argument 
lends Itself to detailed analysis. It is a Warrant-Fusing argument 5 which 
can be diagrammed as in Figure 14 • The classification of methods as 
developmental or authoritative and the discussion of the distinction 
Itself seem to serve as Backing for the Warrant used to establish the 
Claim that one particular approach should be dominant in the methods 
used to teach science. 

The main argument of Selection H Is complete. The Backing for 
the Warrant Involves a conceptual distinction rather than an empirical 
demonstration J and the acceptability of argument H--1 depends largely on 
the acceptability of the Backing* 

As noted in the initial analysis of the first paragraph (lines 
1 to 21)5 two dimensions of the analytical scheme contribute to an 
assessment of the Backing, Tlie Cormtuniaation dimeneloii Is relevant to 
the actual grouping of methods Into two classes; the Authoriiy dimension 
la relevant to the words "authoritative" and "developmental," used to 
Identify the two classes, 

lecture^ narrative^ and teacher explanation are toethods one would 
associate with the Information emphasis ^ on the Communiaation dimension. 
Demonstrations, open-'ended experiments 5 and pupil rtsearch projects could 
be associated with either the Insight emphasis or the composite perspea-^* 
tlve. The terms "authoritative" and "developmental" do not elearly 
connote contrasting positions on the AuthoTity dimension, but the 
author *s elaboration of his meaning (lines 42 to 49) indicates that he is 
concerned with whether students are told what conclusions to accept 
("authoritative") or draw their own conclusions ("developmental")* 
Simply telling students what conclusions to accept connotes the informa- 
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DATUM: It Is a inajor 
objective to devalop in 
pupils the ability to 
solve problems^ think 
Bcientif ically , and 
acquii'e scienCific 
attitudes . 



So, QUALIFIERl — 
While certain 
basic facts and 
symbols of sci-- 
ence must be 
accepted by 
students. 



Since, WARRANT^ Developmental 

procedures enable students 
to perform a variety of 
tasks associated with the 
objective of thinking 
scientifically. 



On account of. 



BACKING I Teaching methods 
may be classified as 
developmental or authorita=- 
tlve^ according to how 
students reach conclusions* 



CUIMl The 
developmental 
approach 
should domi- 
nate In the 
instructional 
methods used* 



Argfummit H^l 



Fig. 14, ----Argument-pattern of the main argument 
of Selection H* 



tion emphasis on the Autkority dimension ^ since no reference is made to 
the manner in which students are told. Simply having students draw con- 
clusions suggests the insight emphasis* (Further discussion by the 
author might permit more definitive placement of his position.) The 
QualifiGr which follows (lines 50 to 55) suggests that there is only one 
eKceptlon to the general rule of having students draw their own 
conclusions. 

The author appears to have compressed two dimensions into one* 
A reader could interpret the Backing of this argument to mean that 
whether the teacher talks at considerable length is a necessary and 
eufficlent condition for determining how students perceive the teacher 
to be using his authority. There may well be a correlation between these 
two aspects of teachings as suggested by their association on the infor- 
mation emphasis in the analytical scheme. However, reference to the 
theoretical perspectives used to construct the scheme confirms that the 
two issues of ''communication" and "authority" are more appropriately 
regarded as independent variables in teaching. 
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No one sclancft dimension Is clearly relevant to the various 
abilities associated with objectives for teaching science, in the second 
paragraph (lines 24 to 27 and 34 to 41) of Selection H. These are 
general abilities often associated with a acientiflc approach to solving 
probl^s, but they could also be thought of as "critical thinking" skills 
On the Demaraation of saienae dimension^ only Kuhn's poiition refers to 
what scientists do, but his position also refers to characterlatics of 
science which are not "abilities," While the author's references to 
science have implications for the understanding of science, they are 
neither detailed nor directly relevant to the argument about methods* 
Thus further reference to science dimensions of the scheme is not 
likely to be informative. 

Commentary on the analyiia 

Although the structure of the argraent in Selection H is 
complete, the investigator finds that the argument as a whole arrives 
at Its Claim in a disturbing manner. Application of the analytical 
scheme identifies a significant limitation. Two dimensions are relevant 
to the classification of teaching methods which serves as Backing for 
the Warrant* Analysis reveals that two distinct Issues have been 
collapsed into one. In the resulting confusion of terndnology, the 
author leaps to a Claim which lacks an adequate Warrant. No modifica- 
tions of the scheme are suggested by this analysis. 
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